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Review

Impact of Orthodontic Treatment on the Oral Health-related Quality

of Life in Children

Ortodontik Tedavinin Cocuklarda Agiz Sagligina Bagli Yasam Kalitesi Uzerindeki

Etkisi

® Genta Agani Sabah!, ® Mehmet Giimiis Kanmaz2

1i.zmir Tinaztepe University Faculty of Dentistry, Department of Orthodontics, izr_nir, Turkey
2|lzmir Tinaztepe University Faculty of Dentistry, Department of Periodontology, lzmir, Turkey

ABSTRACT

Oral health-related quality of life has become an essential measure in dental research and clinical practice,
capturing the impact of oral health on an individual's overall well-being across psychosocial domains. In children
and adolescents, oral health-related quality of life assessments differ significantly when compared to adults, with
a focus on factors like self-image, social acceptance, and school environment. The aim of this article is to present
a general review of the relationship between malocclusions and oral health-related quality of life, examining how
dental problems, especially those impacting aesthetics, can influence a young patient’s social and emotional well-
being. It also emphasizes the effectiveness of orthodontic treatment in enhancing oral health-related quality of
life particularly in terms of socio-emotional aspects, underscoring patient-centered care. This review advocates
for the integration of oral health-related quality of life measures into clinical decisions to better address patients’
functional and emotional needs, by improving their overall quality of life.

Keywords: Oral health, quality of life, child health

oz

Agiz sagligina bagli yasam kalitesi, agiz sagliginin psikososyal boyutlarda kisinin genel sagligina etkisini ortaya
koymasiyla dis hekimligi arastirmalarinda ve klinik uygulamalarda énemli bir 6lgit haline gelmistir. Cocuklarda
ve ergenlerde, agiz sagligina bagli yasam kalitesi degerlendirmeleri, benlik algisi, sosyal kabul ve okul ortami gibi
faktorlere dayanarak yetiskinlerden 6nemli 6lglide farklilik géstermektedir. Bu makalenin amaci, 6zellikle estetigi
etkileyen dental sorunlarin geng hastalarda sosyal ve duygusal refahi nasil etkiledigini inceleyerek malokliizyonlar
ve agiz sagligi ile iliskili yasam kalitesi arasindaki iliskinin genel bir derlemesini sunmaktir. Ayrica ortodontik
tedavinin sosyal ve duygusal agidan agiz sagligina bagli yasam kalitesini artirmadaki etkinligini ve hastaya yonelik
tedavinin 6nemini vurgulamaktir. Bu derleme, hastalarin fonksiyonel ve duygusal ihtiyaclarini daha iyi karsilamak
ve genel yasam kalitelerini artirmak icin agiz sagligi ile ilgili yasam kalitesi olgeklerinin klinik kararlara entegre
edilmesini 6nermektedir.

Anahtar kelimeler: Agiz sagligi, yasam kalitesi, cocuk sagligi
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INTRODUCTION

Health-related quality of life (HRQol) was first
defined by the World Health Organization in 1948 as not
only the absence of disease but also as a state of physical,
mental, and social well-being™. It reflects an individual's
evaluation of how pain, physical ability, mental health,
and social interactions impact his/her own overall
well-being?. HRQoL started to receive attention in the
field of dentistry only in the 1980s and was formally
introduced as the “oral HRQoL"” (OHRQol) by Locker in

1988%. OHRQoL is defined as a standard health status
measurement of oral tissues that contributes to overall
well-being by enabling individuals to eat, communicate,
and socialize without discomfort or distress. It also
emphasizes the positive sense of dentofacial self-
confidence, and absence of negative impacts of oral
conditions on social life®.

OHRQolL is a multifactorial construct designed to
assess the impact of oral health on an individual's life by
capturing subjective experiences across various domains,
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including oral health, functional and emotional well-
being. By using OHRQoL measures, treatment outcomes
benefiting individual patients can be better defined®.

Measures of OHRQolL in Children

Patient perceptions are crucial in assessing overall
need, particularly in OHRQoL, which is highly age-
dependent, leading to notable differences in OHRQolL
between children and adults”®. While adult OHRQoL
tools have been available for decades, instruments
tailored specifically for children and adolescents have
emerged more recently, allowing researchers to explore
OHRQoL factors specific to younger populations,
such as self-image, social acceptance, and the school
environment (Table 1),

Among these tools, the Child Perceptions
Questionnaire (CPQ)"™"M and the Child Oral Health
Impact Profile (COHIP)" have become the most
widely used approaches for assessing OHRQoL in
preadolescent!,

The CPQ was the first instrument designed
specifically to evaluate OHRQoL in children®?. It comes
in two versions tailored to different age groups-one
for children aged 8 to 10 and another for those aged
11 to 14 years. The CPQ assesses OHRQoL across four
key domains: oral symptoms, functional limitations,
emotional well-being, and social well-being®™, While
the emotional well-being subscale addresses internal
feelings, such as worries, embarrassment, or concerns
regarding physical appearance, the social well-being

Table 1. Measures of OHRQol in children
. Year . Number | Informant
Measures of OHRQoL | Abbreviation published Age range | Domains of items | (child/proxy)
- Oral symptoms
i i - Functional limitations
Child Perceptions CPQ, 2004 8-10 , : 25 Child
Questionnaire - Emotional well- being
- Social well- being
- Oral symptoms
i i - Functional limitations
Child Perceptions CPQ, 2002 1-14 : : 37 Child
Questionnaire™ 114 - Emotional well- being
- Social well- being
- Oral health
- Functional well- being
Child Oral Hea(ll’fh COHIP 2007 7.18 = S'OC|al/emot|onalwell- 34 Child
Impact Profile being
- School environment
- Self- image
- Oral health
- Functional well- being
Child Oral Health - Social/emotional well-
Impact Profile (Short | COHIP SF 2012 8-17 . 19 Child
being
Form)®
- School environment
- Self- image
- Oral health
- Functional well- being
Child Oral Health - Social/emotional well- .
Impact Profile-Orthot COHIP-ortho |2016 8-13 et 1 Child
- School environment
- Self- image
- Oral health
Child Oral I-!ealth COHIP- - Functional well- being
Impact Profile- 2017 2-5 . . . 1 Proxy/parent
Preschool version®® preschool - Social/emotional well- being
- Self- image
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Table 1. Devami
A Year . Number | Informant
Measures of OHRQoL | Abbreviation published Age range | Domains of items | (child/proxy)
- Eating
- Speaking
- Cleaning mouth
Child-Oral Impacts on - Sleeping
Daily Performances C-OIDP 2004 10-12 . 8 Child
Indext” - Emotion
- Smiling
- Study
- Social contact
Scale of Oral Health | o1 5 2012 5 Not specified 7 Child
Outcomes'®
- Social functioning )
Pediatric Oral Health- - Role functioning Child proxy/
Related Quality of POQL 201 2-12 . e 20 parent
Lifel? - Physical functioning
- Emotional functioning
- Oral symptoms
ParentaF Caregiver - Functional limitations
Perceptions P-CPQ 2003 8-14 . . 31 Proxy/Parent
Questionnaire - Emotional well- being
- Social well- being
- Child symptoms
- Child function
Early Childhood Oral - Child psychological
arly Childhood Ora . . .
Health Impact Scale® ECOHIS 2007 3-5 - Child s.e[f- image/social 13 Proxy/Parent
interaction
- Parent distress
- Family function
OHRQolL: Oral health-related quality of life

subscale includes items that evaluate how oral health
affects social interactions, such as participating in class,
engaging in social activities, smiling, talking with peers,
and feelings of being teased by other children®. Each
item assesses the frequency of specific events affecting
teeth, lips, and jaws over the previous three months
with higher scores indicating worse OHRQoL. This
measure has demonstrated its validity, reliability, and
responsiveness across various settings?+2%.

COHIP onthe other hand was designed for use in both
research and clinical settings to distinguish between
children with different clinical conditions of various
levels of severity. Originating from the same initial item
pool as the CPQ, the COHIP includes 34 items across
five domains: oral health, functional well-being, social
and emotional well-being, school environment, and
self-image. Participants are asked to rate the frequency
of events over the past three months using a scale that
includes both positive and negative items. Negative items

are reverse-scored, leading to lower scores indicating
poorer OHRQoL"22?39, Since COHIP incorporates both
positive and negative impacts, it can assess not only the
absence of conditions but also enhanced well-being,
such as increased self-confidence due to care. A recently
validated short form with 19 items further facilitates
quick and efficient OHRQoL assessment in clinical
studies"™.

Applications of OHRQoL Measures in Pediatric
Dentistry

Children are often affected by various dentofacial
disorders that impact their physical functioning and
psychosocial well-being. Assessing the impact of oral
health on their daily lives is essential, as oral diseases can
restrict their current physical, social, and psychological
well-being. During late childhood or pre-adolescence,
children may experience high rates of caries, poor
nutritional habits, dental anxiety, eating disorders, and
heightened concerns about other people’s perceptions
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about themselves, all contributing to unique social and
psychological needs. Therefore, a deeper understanding
of OHRQol and its impact on dental and clinical factors
in childrenis crucial to delivering optimal oral healthcare
and improving their overall oral health®".

Unlike traditional objective criteria such as decay,
missing teeth, and fillings, OHRQoL assessments are
a valuable tool in pediatric caries research, since they
capture satisfaction, symptom relief, and enhanced
functional and emotional well-being. Research
consistently shows a modest but significant link between
unmet dental needs, such as decay, and children’s
OHRQoL"®. Greater numbers of caries and tooth loss
are significantly associated with lower OHRQoL, and
children experience significant improvements in their
OHRQoL after receiving dental treatment'®3?. Anterior
tooth extractions without replacement and untreated
fractured anterior teeth are also associated with lower
OHRQoL since they have a substantial socio-dental
impact on children’s daily lives compared to those
without traumatic dental injuries®?.

Dentalfearinll-14-year-old patients hasbeen strongly
associated with poorer OHRQoL, potentially due to
contributing factors such as infrequent dental visits and
higher rates of dental caries. Research further highlights
links between dental fear and various factors, including
pain-related past and recent dental visits, lower family
income, lower paternal education, larger family size,
previous hospitalizations, and health issues, all of which
have been associated with poorer OHRQoL. Conversely,
having received a filling during previous dental visits
is associated with improved OHRQoL®. Additionally,
untreated dental caries and dental pain are linked to
functional limitations, psychological challenges, and
negative impacts on social and emotional well-being®'33,

Poor periodontal health also results in higher total
CPQ T11-14 scores across all domains. Conditions like
gingivitis, gingival bleeding, and plaque buildup are
likely linked to more profound negative perceptions of
oral health and daily life. Gingival bleeding, in particular,
influences children’s social interactions and self-esteem,
while overall unhealthy periodontal conditions negatively
influence emotional and social well-being. Severe
malocclusion has been linked to plaque accumulation,
which can lead to the development of periodontitis®*.

Association Between OHRQolL and Orthodontic
Treatment Need

Research on the physical, social, and psychological
consequences of malocclusion has highlighted its
significant impact on quality of life. Evidence shows that
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even very young 8-year-old patients, often prioritize
the aesthetic and social aspects of OHRQoL when
seeking orthodontic treatment. As orthodontic research
increasingly adopts a more psychosocial perspective,
there is also a growing interest in understanding and
improving  OHRQoL®>3¢,  Orthodontic treatment is
usually performed when the permanent dentition
begins to emerge, coinciding with the period when
children become more aware of their appearance
and gain autonomy to request or refuse treatment®.
Children with unaesthetic dental traits and untreated
malocclusions often face teasing and negative social
responses which may lead to psychological and social
challenges, as they begin to experience increased self-
awareness about their appearance®®>3738),

Various malocclusion characteristics, such as an
increased overjet, spaced dentition®®-*" and maxillary
anterior crowding of 2 mm or more“’ have been
linked to negative impacts on OHRQoL. Studies have
shown that these malocclusions predominantly affect
emotional and social well-being®’4% with noticeable
negative effects recorded as early as the age of eight®“".
Early orthodontic treatment is often recommended to
protect the children from negative impacts on their
OHRQolL, with potential benefits such as improved self-
esteem and fewer negative social interactions“®*, Both
children and parents commonly believe that orthodontic
treatment can improve dental function, aesthetic dental
appearance, and overall quality of life. The advantages
of orthodontic treatment depend on the severity of the
malocclusion and the child’s perception of the issue!**,

Although malocclusion is not a disease but rather
a deviation from societal aesthetic norms, there has
been a demand for its orthodontic care for decades,
driven largely by self-perceived dental appearance®. To
objectively assess the need for treatment, various indices
have been developed®“-* with the Index of Orthodontic
Treatment Need (IOTN)%9 being one of the most widely
used indices due to its practical and efficient application.
The IOTN evaluates the necessity for treatment through
two components: the Dental Health Component,
which assesses oral health factors, and the Aesthetic
Component, which considers aesthetic impairments.

Orthodontic treatment is often sought not only for
functional concerns but also to relieve the aesthetic
impact of malocclusion, which can affect quality of
life“4. Traditionally, assessments of orthodontic needs
have focused less on a patient's perspective about
his/her malocclusion and more on how treatment can
improve their daily lives. However, there is a growing
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understanding that measuring OHRQoL should be
central to clinical practice®”. Orthodontic treatment
need indices have limitations, as they fail to address
how malocclusion affects quality of life, particularly in
terms of functional limitations and psychological well-
being®. Additionally, these tools may be insensitive to
individual concerns and overlook minor irregularities
that could matter deeply to the patient. There is also a
risk of treating patients without a genuine psychosocial
need, leading to potential over-treatment®".

Over the past decade, focusing on patient-centered
aspects of orthodontic treatment has gained greater
momentum in medicine and dentistry. Understanding
the need for orthodontic treatment from both the
patient’s and clinician’s perspectives improves treatment
planning and contributes to heightened quality of
life. Research has shown that, for many patients, the
appearance of their teeth and facial aesthetics is a more
compelling reason for seeking orthodontic care than
functional concerns. The need for orthodontic treatment
can, therefore, stem from either the orthodontist's
(normative) perspective or the patient’'s (subjective)
viewpoint, or both®2,

Efforts to link OHRQoL with clinical orthodontic
indicators have often yielded mixed results. Although
numerous studies have demonstrated a significant
relationship between the need for orthodontic
treatment and OHRQoL?53%4451-56) findings suggest that
malocclusion itself has a negative impact, more deeply
on emotional well-being®“*" than on function or social
domains®”. Children with untreated malocclusions who
desired orthodontic treatment reported significantly
poorer OHRQoL®" and the severity of malocclusion was
found to be closely related to poorer OHRQoL®?, Studies
indicate that a child’s psychological profile plays a
significantroleinshapingthe socialand emotional effects
of malocclusion. Specifically, low self-esteem in children
significantly impacts quality of life due to malocclusion,
suggesting self-esteem is a more influential factor than
the severity of malocclusion in determining orthodontic
treatment need™“>®. Studies examining ethnic, gender,
and age differences in OHRQoL expectations have
also found that young patients are more motivated
by improved dental aesthetics or appearance than by
improvements in oral function®). OHRQoL has been
found to be poorer in girls while boys were more affected
by functional restrictions®.9,

However, some studies did not find a significant
correlation between the requirement for orthodontic

treatment and OHRQoL“'%?, and children with severe
malocclusions were not always those who reported
poorer OHRQoL®"%3), This fact could be attributed to and
might be explained by the possibility that some children
with severe malocclusions exhibit greater resilience to
the challenges posed by their condition®). Also, low
self-reported OHRQoL did not necessarily indicate a
stronger desire for treatment®". Consequently, precise
interpretation of OHRQoL measures necessitates
comprehension of their psychometric characteristics and
the contextual elements that may affect assessments of
health and well-being in these patients'?®.

Impact of Orthodontic Treatment on OHRQoL

Studies using reliable OHRQoL measures have
highlighted notable differences between orthodontic
patients who have and have not undergone
treatment®+% particularly in terms of socioemotional
aspects like smiling, laughing, and displaying teeth
without feeling self-conscious®®. Studies have shown
that children and adolescents who received orthodontic
treatment experienced significant improvements in their
OHRQoL compared to untreated peers matched for age,
sex, and dental condition®). Adolescents who underwent
two years of fixed orthodontic treatment reported
particularly noticeable benefits in their emotional
and social well-being. However, these positive effects
were less evident in the oral function and functional
limitations domains¢>¢”),

A longitudinal study tracking 197 adolescents during
the first six months of fixed-appliance therapy observed
an improvement in their CPQ domains, despite
anticipated challenges and children’s expectations
of functional, emotional, and social problems to be
experienced during treatment®®. Additionally, a twenty-
year observational study revealed that individuals with
severe malocclusion, aged eleven to twelve years at
baseline, who underwent orthodontic treatment during
adolescence, reported greater satisfaction with their
dental and general appearance. A superior quality of life
was noted in comparison to untreated individuals with
substantial treatment needs, underscoring the long-
term advantages of orthodontic treatment®?,

Some studies suggest that the psychological benefits
of orthodontic treatment may be less pronounced than
commonly assumed. Analyses of the CPQ, ,, subscales
reveal that the impact of treatment varies across four
domains, with significant effects observed only in
emotional well-being. In contrast, orthodontic treatment
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does not immediately improve children’s social well-
being, possibly because it takes time for children to
translate the emotional benefits of treatment into social
contexts?),

Moreover, the results of orthodontic treatmentappear
to be influenced by the interplay between psychological
factors and the perceived social and emotional effects
of dental health®“2797", [t seems that children exhibiting
higher psychological well-being tend to report better
OHRQolL, irrespective of their orthodontic treatment
status.Onthe other hand, children with low psychological
well-being who did not undergo orthodontic treatment
reported worse OHRQoL compared to their treated
counterparts. This may suggest that orthodontic
treatment may be advantageous for children with
lower psychological well-being®. Many studies have
examined the effect of orthodontic treatment on self-
esteem. Nonetheless, there is no definitive proof that
orthodontic therapy improves self-esteem36386972 3g jt
has been shown to be a reasonably stable psychological
construct”; hence, minimal or no impact of orthodontic
treatment on self-esteem is expected®6386272),

CONCLUSION

OHRQoL has emerged as a critical measure in
dentistry, highlighting the comprehensive impact of oral
health on individuals’ physical, emotional, and social
well-being. The growing body of research underscores
the importance of OHRQoL assessments, particularly in
childrenand adolescents, as they reflect not only physical
and functional health but also self-perception and social
interactions. The association between malocclusion and
OHRQoL is well-documented, with evidence pointing
to its significant psychosocial and unfavorable impacts,
such as teasing and reduced self-confidence.

This review highlights the importance of orthodontic
treatment in improving OHRQoL, especially in the
domains of emotional and social well-being. While
some children experience notable psychological and
social benefits after treatment, others may show limited
improvements, suggesting that individual psychological
factors play a key role in perceived treatment outcomes.
This complexity highlights the need for a holistic,
patient-centered approach in orthodontic care, where
clinicians consider both objective clinical measures and
the subjective experiences of patients.
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Speech and Language Delay in Children: Child Neurology Experience

Cocuklarda Konusma ve Dil Gecikmesi: Cocuk Nérolojisi Deneyimi

O Betiil Diler Durgut, ® Emine Tekin

Giresun University Faculty of Medicine, Department of Pediatrics, Division of Pediatric Neurology, Giresun, Turkey

ABSTRACT

Objective: Speech delay in early childhood can signify various underlying issues, including neurological disorders.
The study aims to comprehensively investigate the etiology of speech delay in children aged 2-5 years and to
delineate potential neurological disorders associated with this condition.

Method: A total of 220 patients presenting with speech delay/disorder between 2018 and 2021 were included in
the study. Data obtained detailed analysis of medical history, physical examinations, developmental assessments,
brain magnetic resonance imaging scans, electroencephalography recordings, chromosome karyotype analysis
and array comparative genomic hybridization, Brainstem Evoked Response Audiometry were retrospectively
reviewed, and recorded retrospectively on pre-prepared data forms.

Results: Majority (80%) of the study cohort had isolated language delay, while 20% had global developmental
delay (GDD). Autism emerged as the most frequently diagnosed condition among children with GDD, followed
by other significant diagnoses including neurofibromatosis, cerebral palsy, intellectual disability, hypothyroidism,
and Rett syndrome.

Conclusion: These results underscore the significance of neurological evaluation in children presenting with
speech delay, as it serves as a pivotal step in identifying potential developmental issues early on, such as ASD or
GDD. This study contributes valuable insights into understanding the multifaceted nature of speech delay in early
childhood and highlights the importance of assuming a holistic approach towards assessment and intervention
in affected children.

Keywords: Speech delay, autism, global developmental disorders
6z
Amag: Erken cocukluk déneminde konusma gecikmesi, nérolojik bozukluklar da dahil olmak Uzere altta yatan

cesitli sorunlara isaret edebilir. Calisma, 2-5 yas arasi cocuklarda konusma gecikmesinin etiyolojisini kapsamli bir
sekilde arastirmayi ve bu durumla iliskili potansiyel nérolojik bozukluklari tanimlamayi amaglamaktadir.

Yéntem: Calismaya 2018 ve 2021 yillari arasinda konusma geriligi/gecikmesi/bozuklugu ile basvuran toplam
220 hasta dahil edildi. Tibbi gegmis incelemeleri, fiziksel muayene bulgular, gelisimsel degerlendirmeler, beyin
manyetik rezonans goriintiileme taramalari, elektroensefalografi kayitlari, kromozom karyotip analizi ve array
tabanli karsilastirmali genomik hibridizasyon (dizi “comparative genomic hybridization”), isitsel Beyin Sapi
Davranimi Testi verileri 6nceden hazirlanmis veri formlarina retrospektif olarak kaydedildi.

Bulgular: Katiimci grubunun %80'inde izole dil gecikmesi, %20'sinde ise global gelisimsel gecikme oldugu
saptandi. Otizm, global gelisimsel gecikme yasayan gocuklar arasinda en sik teshis edilen durumdu ve diger Snemli
teshisler arasinda nérofibromatoz, serebral palsi, zeka geriligi, hipotiroidizm ve Rett sendromu yer aldi.

Sonug: Bu sonuglar, konusma gecikmesi/geriligi ile basvuran ¢ocuklarda nérolojik degerlendirmenin éneminin
altini gcizmektedir; ¢linki bu, otizm spektrum bozuklugu veya genel gelisimsel gecikme gibi potansiyel gelisimsel
sorunlarin erken dénemde belirlenmesinde dnemli bir adim olarak hizmet etmektedir. Bu calisma, erken ¢cocukluk
déneminde konusma gecikmesinin ¢ok yoénli dogasinin anlasilmasina yonelik degerli bilgiler sunmakta ve
etkilenen ¢ocuklarda degerlendirme ve miidahaleye yénelik bittinsel bir yaklasimin énemini vurgulamaktadir.

Anahtar kelimeler: Konugsma gecikmesi, otizm, global gelisimsel bozukluklar
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INTRODUCTION

Speech and language skills play a crucial role in
child development, and deficiencies in these areas
are referred to as communication disorders. These
disorders are common neurodevelopmental conditions
of childhood, classified by the “Diagnostic and Statistical
Manual of Mental Disorders-V” (DSM-V) into categories
including language disorder, speech sound disorder,
childhood-onset fluency disorder (stuttering), social
(pragmatic) communication disorder, and unspecified
communication disorder®,

According to DSM-V criteria, to establish the
diagnosis of language or speech sound disorder, the
condition must not be attributable to general health
status, neurological disorders, or general developmental
delay®?. Thus, a thorough neurological evaluation in
patients with speech and language disorders is essential
to identify any potential underlying or concomitant
neurological conditions, such as epilepsy or cerebral
palsy (CP).

Speech delay refers to a delay in achieving language
development milestones and it is one of the most
common complaints among individuals with speech
and language disorders. While the prevalence of speech
delay is around 10-15% among 2-year-old and drops to
approximately 4-5% after the age of three®%,

The aim of this study is to investigate the etiology of
speech delay in the 2-5 year age group and to shed light
on possible underlying neurological disorders.

MATERIALS and METHODS

Children aged 2-5 years who presented to the
pediatric neurology outpatient clinic between 2018 and
2021 with complaints of speech delay, or disorder were
enrolled in the study. Detailed medical histories, physical
examination findings, developmental assessments,
brain magnetic resonance imaging (MRI) scan,
electroencephalography (EEG), chromosome karyotype
analysis, vitamin B12 and hemoglobin test results of the
patients were retrospectively reviewed.

The patients were evaluated to determine
whether they had isolated language impairment or
global developmental delay (GDD) using the Denver
Developmental Screening Test (DDST). DDST is a tool
used to screen developmental delays in children aged
0-6 years. It evaluates children in four domains: motor
skills, language development, social skills, and personal-
social development. Patients who are delayed only in the
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language domain compared to their peersare considered
to have an isolated language delay, while those who are
delayed in multiple developmental domains (motor,
language, social, cognitive) compared to their peers are
considered to have GDD. In our study, isolated language
delay was defined as a delay only in the language domain
of the DDST. Since patients with a delay in the language
domain were included in the study, GDD was defined as
a delay in at least one additional domain (motor, social,
or cognitive) along with the language domain.

In case of need auditory evaluation was conducted
using the Brainstem Evoked Response Audiometry
(BERA) test.

For each patient presenting with speech delay, screen
time was inquired and appropriate recommendations
were provided.

The diagnosis of Attention-Deficit/Hyperactivity
Disorder (ADHD) was taken into consideration for
patients monitored by child psychiatry under this
diagnosis.

Children who exhibited normal receptive language
skills and had undergone a normal diagnostic work-
up but displayed clear expressive language delay were
categorized as “late talkers”.

Statistical Analysis

Statistical analysis of data was performed using the
Statistical Package for the Social Sciences version 25
(SPSS 25.0) software, and results were presented as
numbers and percentages. The descriptive statistics of
the quantitative variables that conformed to the normal
distribution were shown as mean * standard deviation,
and the descriptive statistics of the quantitative
variables that were not normally distributed were shown
as median (minimum-maximum) or mean * standard
deviation.

Ethical approval was obtained from the Clinical
Research Ethics Committee of the University of Health
Sciences Turkey, Kanuni Sultan Suleyman Training and
Research Hospital (approval number: 2022/05, date:
01.10.2022).

RESULTS

A total of 220 patients who presented to the
pediatric neurology outpatient clinic with complaints
of speech delay or disorder were included in the study.
Study population consisted of 46 (20.9%) female and
174 (79.1%) male patients. Family history of speech delay
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was revealed in 34.1% of the patients, and 1.4%. of them
was bilingual. The characteristics of the patients are
detailed in Table 1. EEGs were performed for 86 (39%)

patients. EEG results were abnormal in 5.1% of the

Table 1. Characteristic features of the patients

Personal and family history n (%)
Prematurity 33 (15)
Neonatal intensive care hospitalization 46 (20.9)
Phototherapy 18 (8.2)
Febrile seizure 8 (3.1%)
Afebrile seizure 3 (1.4%)
Speech delay in family 75 (34.1%)
Consanguinity 21(9.5%)
Bilingualism 3 (1.4%)
Table 2. EEG findings

EEG findings (n=86) n (%)
Normal 77 (35)
Background activity disorganisation 1(0.5)
Interictal epileptiform activity 8 (4.6)

EEG: Electroencephalography

Table 3. Etiologic factors and accompanying diagnoses

Etiologic factors and accompanying o

diagnoses n % ()

:2?:;::&1%?2%2 0) Late talkers 62 | 281
fuener o s
g;Ziralgs: IZ ;Es’eczijrder e
ADHD* 4*
Epilepsy* 1*

GDD (n=44/220) Autism 19 8.6
Mental retardation 2 1
NF-1 2 1
Cerebral palsy 1 0.5
Hypothyroidism 1 0.5
Rett syndrome 1 0.5
e '8 |81
Epilepsy* *
ADHD* 2*
Cerebellar mass* 1*

*Accompanying diagnosis, ADHD: Attention-deficit/hyperactivity
disorder, NF-1: Neurofibromatosis Type 1, GDD: Global developmental
delay

patients (Table 2). Two patients were diagnosed with
concomitant epilepsy. Cranial imaging was performed
for 31 patients, revealing periventricular leukomalacia,
hydrocephalus, a cerebellar mass, and an arachnoid cyst
in one patient each. BERA test performed on 29 patients
oculd not detect hearing loss in patients. In 5 patients,
chromosome karyotype analysis and array comparative
genomic hybridization were performed; and, single-
gene analysis carried out in one patient established the
diagnosis of Rett syndrome.

Mean hemoglobin value was 12.4+t0.88 g/dL and
median B12 value was 368 pg/mL (104-2000). Three
patients had iron deficiency anemia, and four patients
had vitamin B12 deficiency.

Isolated language disorder was diagnosed in 176 (80%)
patients, while GDD was identified in 44 (20%) patients.
In patients with GDD, autism was the most frequently
identified etiology (8.6%). The etiology GDD could not
be determined in 8.1% of the patients. The etiologic
factors and accompanying diagnoses are summarized
in Table 3. The patients with isolated language delay,
had also asthma (n=3), had atrial septal defect (n=1) and
ventricular septal defect (n=1). Incidentally, a cerebellar
mass was detected in one patient with GDD.

DISCUSSION

In our study, we have demonstrated that 20% of
patients presenting solely with complaints related to
speech delay were diagnosed with GDD. Therefore,
patients with speech delay should be thoroughly
examined. A multitude of etiologies can contribute
to childhood speech and language delay. In children
presenting with speech and language retardation, a
comprehensive developmental assessment is essential,
as atypical language development may serve as the first
indicator of other physical and developmental issues®.

Many studies have reported that the ratio of affected
males to females in specific language disorder is
approximately 2:1 to 3:1%7. Consistent with the literature,
in our study there was a male gender predominance
with a ratio of 3.8:1 (79.1%)%®. Additionally, conditions
associated with language delay, such as GDD/intellectual
disability and autism spectrum disorder (ASD), are more
common in males rather than females®".

Some authors have reported an increased incidence
of language-related disorders among family members of
children with language disorders, with a range of 28% to
50%12, In the present study, a positive family history
was revealed in our 75 (34.1%) patients.
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Isolated Language Delay

For early recognition of speech delay, it is crucial
to have a good understanding of the developmental
process. Red flags for speech delay include not using the
words mama/papa/dada to call parents at 12 months, not
having learnt at least 5words at 18 months, and using less
than 50 words and not being able to connect two words
at 24 months of age. In our study, the final diagnoses of
patients who presented with complaints of speech delay
and were diagnosed with isolated language delay are
outlined in Table 3. Among patients with isolated speech
delay, 62 out of 176 (28.1%) were identified as late talkers.
Late talkers typically have a significantly lower word
count compared to their peers at the age of 24 months.
However, half of these children catch up with normal
speech milestones by the age of 3 years!>'¢. Since we
lack data on the final language development status of all
patients, we cannot make a comment on this issue.

One of the important diagnoses that should not be
overlooked in patients presenting with speech delay is
hearing loss. In our study, although hearing loss was not
detected in any patient with were identified, we observed
that hearing test could be applied at a low rate which
may be attributed to patients’ poor compliance with
the tests and the families’ adherence to the diagnostic
procedures.

Stuttering can be classified as developmental,
neurogenic, or psychogenic. Neurological stuttering
is rare and typically follows a neurological event such
as acquired brain damage, brain injury, or stroke(7'®,
In the present study, 19 children were diagnosed with
stuttering, and none of them had neurogenic stuttering.

Early detection of patients with isolated language
delay and initiation of appropriate therapy are crucial for
prognosis. Furthermore, delays in language development
may serve as early signs of more common problems such
as ASD, GDD, and intellectual disability!29),

Global Developmental Delay

GDD is defined as a delay in two or more
developmental domains, including gross/fine
motor skills, speech/language, and personal/social
communication skills, affecting children under the
age of 5 years®)., Common etiologies of GDD include
genetic syndromes/chromosomal abnormalities,
intrapartum asphyxia, cerebral dysgenesis, psychosocial
deprivation, metabolic diseases, neurocutaneous
diseases, intrauterine infections, hypothyroidism, and
toxin exposure®???4, Additionally, GDD can occur in
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combination with behavioral problems such as ASD and
attention-deficit hyperactivity disorder®>,

In our study, GDD was observed in 44 out of 220
(20%) patients, and etiologic factors were identified
in twenty-six of them. Etiologic factors could not be
determined in 18 (40.9%) cases. The most prevalent
diagnosis was autism, identified in 19 patients. Other
identified diagnoses included mental retardation,
Neurofibromatosis Type 1, CP, hypothyroidism, and Rett
syndrome (Table 3). In Ozmen et al.?%, investigated 247
patients with GDD, and reported perinatal complications
in 21%, chromosomal abnormalities in 9%, genetics/
dysmorphic syndromes in 3%, metabolic disorders in 4%,
hypothyroidism in 4%, neurocutaneous syndromes in 3%,
intrauterine infection in 2%, and disorders of unknown
etiology in 36% of their cases. GDD has a wide variety of
etiologies. In our study, the low proportion of patients
with identified etiology and limited diversity is due to
our inclusion criteria, which only encompassed patients
with complaints of speech delay. The presentation of
patients with conditions related to asphyxia/perinatal
complications, chromosomal abnormalities, genetics/
dysmorphic syndromes, and metabolic disorders would
have different, irrelevant complaints. Zengin-Akkus et
al.?% found non-autistic developmental delay in 15%,
autism in 16%, isolated speech delay in 50%, and normal
language development in 19% of patients presenting
to the developmental pediatric outpatient clinic with
speech delay®??. Unlike our study, the rate of isolated
speech delay was lower in their study®?. This difference
could be attributed to the inclusion of patients with
normal language development in their study.

The overall etiologic yield in an unselected series of
children under 5 years of age with GDD is close to 40%
and 55% in the absence of any concomitant autistic
features®. These rates may vary according to the study
method and design, as well as the severity of GDD.
Consistent with the literature, the etiologic factors could
be determined in 59% (26/44) of patients with GDD?¥.

Shan et al.”” analyzed clinical data of 521 children with
GDD aged between 24 and 60 months. The prevalence
of ASD in children with GDD was 62.3%?" whereas this
rate was 43.2% (19/44) in our study. The high rates of
autism highlight the importance of autism screening in
patients presenting with language disorder and GDD.
Children with autism often experience delays in speech/
language and personal/social developmental domains.
Additionally, some patients may also exhibit delays in
gross/fine motor domains.
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Perinatal asphyxia is commonly associated with
developmental delay?*?9. In our study, we observed only
one patient diagnosed with CP. We attributed detection
of scarce number of CP cases to the presentation of
these patients to the outpatient clinic predominantly
with motor retardation before language delay becomes
apparent.

The history of agnosia should be investigated in
patients presenting with a language disorder because
language comprehension (auditory verbal agnosia)
and verbal expression loss (aphasia) are characteristic
diagnostic features of Landau-Kleffner syndrome (LKS).
LKS is a rare childhood disorder, and most of these
patients exhibit severe EEG abnormalities during sleep.
However, there were no patients diagnosed with Landau-
Kleffner syndrome in the present study.

EEG recordings provide valuable information within
specific clinical contexts such as Angelman syndrome,
Wolf-Hirschhorn syndrome, as well as in cases of agnosia/
aphasia or a clinical history of seizure/epilepsy?®. In our
study, EEGs were performed in 86 out of 220 patients,
and two of these patients with a history of seizures
were diagnosed with epilepsy. However, we did not
identify any specific EEG patterns for particular clinical
conditions. In larger series, specific EEG findings may be
detected.

In acquired language disorders, patients should
be evaluated for potential neurodevelopmental
and neurodegenerative diseases such as Leigh
encephalopathy, Rett syndrome, metachromatic
leukodystrophy, and mucopolysaccharidoses. Other
considerations include middle ear infections, neglect/
abuse, and head trauma. In the current study, one
patient with acquired language disorder was diagnosed
with Rett syndrome. Rett syndrome is characterized
by stereotypical hand movements, gait abnormalities,
loss of speech and purposeful hand use, and normal
early development. It is well known that Rett syndrome
occurs in females, and acquired microcephaly is its
significant clinical characteristics. Mutation analysis of
the MECP2 gene should be ordered in patients exhibiting
characteristic symptomatology.

Mental retardation, learning disability, ADHD, and
pervasive developmental disorder (autism spectrum)
are conditions commonly associated with language
disorders in children and adolescents?®”. Research has
shown that 30.4% of children in the speech-language
impaired (SD/LI) group had ADHD based on the DSM-
111 (1980) criteria, compared to 4.5% of controls®?. In

our study, six patients had coexisting ADHD. The lower
rate observed in our study may be attributed to the
retrospective nature of the study and the relatively
young age range of our patient group.

Language disorders commonly occur as a symptom
of ASD and GDD. Therefore, developmental assessment
tools such as the DDST, along with diagnostic tools like
MRI, EEG, genetic, and metabolic screening tests, should
be considered for patients whose language disorders
cannot be diagnosed through detailed history and
physical examination(4273132),

CONCLUSION

In conclusion, it's important to emphasize the
possibility of secondary neurological and behavioral
problems in patients presenting with speech/
language delay. It should also be kept in mind that
neurodevelopmental disorders like ADHD may be
accompanied by comorbid conditions. In the medical
history, particular attention should be given to the
perinatal process, and neurological clues such as
microcephaly, dysmorphic features, hypotonia, verbal
agnosia/aphasia, and skin findings should be thoroughly
investigated during physical examination.
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Correlation of the Interval Between Single Phase Computed
Tomography and Direct Abdominal Radiography with the Success of

Collecting System Imaging in Trauma Patients

Travma Hastalarinda Tek Fazli Bilgisayarli Tomografi ve Direkt Batin Grafisi
Arasindaki Strenin Toplayici Sistem Gériintileme Basarisi ile Iliskisi
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ABSTRACT

Objective: A triple-phase computed tomography (CT) is required to visualize post-traumatic ureteral injury in
children. An abdominal X-ray following single-phase contrast enhanced CT is performed both to evaluate urinary
tract and to reduce the radiation exposure in our center. The aim of this study was to designate an optimal interval
between CT and X-ray in imaging the urinary collecting system.

Method: Records of pediatric trauma patients who underwent a CT scan were analyzed. CT and X-ray images
were evaluated and the time interval between two imaging modalities was calculated. The success of X-ray in
demonstrating bilateral renal pelvises, ureters and bladder was evaluated.

Results: The study population consisted of 190 patients with a male predominance (72.6%) and a median age of
9 years (2 months-17.9 years). The median time interval between the CT and X-ray was 59.5 minutes. Time interval
between both imaging modalities was significantly longer if the images were not satifactorily demonstrative (72.5
vs.39.5 minutes) (p<0.001). Age (p=0.722), gender (p=0.203) and type of trauma (p=0.796) had no effect on this time
interval. When the patients were grouped according to the time elapsed between these two imaging modalities as
10-30 minutes (Group 1) and longer (Group 2), the proportion of patients with optimally demonstrative X-rays was
significantly higher in Group 1 (p=0.001).

Conclusion: Ureter injuries are rare and cannot be mostly diagnosed with single-phase CT-scans, but a triple-
phase scan increases the radiation burden especially for children. Our plan is to validate our technique using
an X-ray following CT-scan for evaluating the urinary tract in trauma, and this preliminary retrospective study
confirmed that time interval of 10-30 minutes between these two imaging modalities should be considered in
future studies.

Keywords: Trauma, injuries, tomography, X-ray, children, ureter

6z

Amag: Cocuklarda travma sonrasi Ureter hasarini gérintulemek icin 3 fazli bilgisayarli tomografi (BT) gereklidir.
Merkezimizde radyasyon maruziyetini azaltmak icin Griner sistemi degerlendirmek igin tek fazli BT'yi takiben

bir abdominal réntgen ¢ekilmektedir. Bu ¢alismanin amaci, lriner toplayici sistemin goriintiilenmesinde BT ve
réntgen arasindaki optimal siireyi belirlemektir.

Yontem: BT taramasi yapilan pediatrik travma hastalarinin kayitlar analiz edildi. BT ve réntgen géruntileri
degerlendirildi ve iki modalite arasindaki siire hesaplandi. X-isininin bilateral renal pelvisleri, Ureterleri ve
mesaneyi gorlintlilemedeki basarisi degerlendirildi.

Bulgular: Erkek agirlikli (%72,6) ve ortanca yasi 9 yil (2 ay-17,9 yil) olan 190 hasta vardi. BT ve réntgen arasindaki
ortalama siire 59,5 dakika idi. Sure, basarisiz gériintulerde (72,5 dakika) basarili olanlara (39,5 dakika) gére anlaml
olarak daha uzundu (p<0,001). Yas (p=0,722), cinsiyet (p=0,203) ve travma tipinin (p=0,796) etkisi yoktu. Hastalar
stireye gore 10-30 dakika arasi (Grup 1) ve digerleri (Grup 2) olarak gruplandirildiginda, Grup T'de optimal réntgen
cekilen hasta orani anlamli olarak daha yuiksekti (p=0,001).

Sonug: Ureter yaralanmalari nadirdir ve cogunlukla tek fazli BT taramalari ile taninamamaktadir. Ug fazli BT ise
ozellikle cocuklar icin radyasyon yukinU artirir. Planimiz, travma sonrasi Uriner sistem degerlendirilmesi icin
tek fazli BT'yi takiben cekilen réontgen ile uyguladigimiz teknigimizi gelistirmektir. Bu 6n retrospektif ¢alisma,
gelecekteki calismalar icin 10-30 dakikanin uygun bir zamanlama oldugunu dogrulamistir.

Anahtar kelimeler: Travma, yaralanmalar, tomografi, X-i1sini, cocuklar, tireter
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INTRODUCTION

Kidneys are the most commonly injured organ of the
urinary system in children®. Children have a higher risk
of renal injury than adults because of lesser perirenal
fat, smaller abdominal muscles, and lack of ossification
of the rib cage®. Ureteral injuries are rare, accounting
for only 1% of pediatric abdominal traumas®. They are
most commonly caused by a penetrating injury, but
they can also can occur during blunt trauma'®. Besides
its rarity, ureteral injury is a hard to diagnose problem
with no pathognomonic sign or a specific symptom?®,
European Association of Urology and American
Urological Association guidelines recommend obtaining
intermediate and delayed images with intravenous
contrast-enhanced abdominal/pelvic computed
tomography (CT) for the diagnosis of ureteric injury®”,

CT is a part of common practice for pediatric traumas
with strong evidence of intra-abdominal injury when
they are hemodynamically stabilized.® On the other
hand, it carries a high burden of radiation exposure;
therefore, clinicians try to limit its use according to
the ALARA principles. ALARA is the acronym for “As
Low as Reasonably Achievable” which means that the
radiation dose delivered to the patients should be as
low as reasonably achievable while still providing image
quality adequate to enable an accurate diagnosis®.
Abdominopelvic CT scans carry a higher risk of
developing radiation-associated malignancies when
compared to CT scans of other areas, especially in
children. The effective doses of CT-scans vary widely
depending on the number of phases obtained; the area
scanned or the slice thickness. A single CT scan delivers
doses in the range of 10-30 millisievert (mSv), however
radiation doses that should be delivered in multiple-
phase scanning increase up to of 50-200 mSv due to the
use of pre-contrast and post-contrast phases'?.

Portal phase CT is mostly sufficient in detecting
renal trauma but it can also fail to reveal ureteric injury.
An X-ray following single-phase CT is performed to
evaluate the urinary tract to reduce radiation exposure
in our center. Up to now, the time interval between CT-
scan and X-ray was not standardized as there was no
determined protocol for the sequential use of these two
imaging modalities. Our plan is to validate the use of this
technique in evaluating urinary tract in pediatric trauma
patients. This pilot study aims to designate a proper
time interval between CT and X-ray in visualization of
the collecting system using current data before starting
prospective studies.
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MATERIALS and METHODS

After approval of the University of Health Sciences
Turkey, izmir Tepecik Training and Research Hospital
Non-Interventional Clinical Research Ethics Committee
(approval number: 2022/09-12, date: 15.09.2022), the
medicalrecords of the pediatrictrauma patients between
January 2021 and 2022 were retrospectively reviewed.
Our hospital is the largest trauma center in a city with a
population of 4 million people. A single-phase contrast
enhanced CT followed by anteroposterior abdominal
X-ray routtinely performed in our center. Both to
evaluate urinary tract and also to reduce the radiation
exposure. All children (<18 years old) who admitted to
our hospital and underwent CT were included in the
study. Patients with incomplete medical records and
who did not undergo X-ray scanning following CT scans
were excluded from the study. Informed consent was
obtained from the parents/guardians of all children.

Data concerning qualifying demographic features, age
at diagnosis, present symptoms, physical examination
findings, and type of diagnostic imaging technique
performed were retrieved from the hospital records. CT
and X-ray images were evaluated and the time interval
between two modalities was calculated. The success of
X-ray in visualizing renal pelvises, ureters and bladder
was evaluated. The X-rays that demonstrated all urinary
collecting system (including pelvises, ureters, and
bladder) were termed as “Optimal X-rays".

Statistical Analysis

All pre-organized forms were collected, and data
were transferred to Excel 2010 (Microsoft, Redmond
WA, USA). The homogeneity of variances was checked
using Levene’s test. Shapiro-Wilk test was used to test
the assumption of normality. To compare the differences
between the two groups, an independent sample t-test
was used when the parametric test prerequisites were
fulfilled, and the Mann-Whitney U test when they were
not. The statistical significance between frequencies was
calculated by the Pearson’s chi-squared/Fisher's exact
test. Significance was set at p<0.05. Data were evaluated
using IBM SPSS Statistics 22.0 (IBM Corp., Armonk, NY,
USA).

RESULTS

A total of 190 patients met inclusion criteria. The
median age was 9 years (2 months-17.9 years) and 72.6%
of patients were male. The majority (89%) had blunt
trauma. Falls were the most frequent mechanism of
injury (n=84, 44.2%). The median time interval between
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CT scan and X-rays was 59.5 minutes (interquartile range:
37-97 minutes, and range: 7-775 minutes).

Optimal visualization of pelvises, ureters, and the
bladder (optimal X-ray group) was achieved in 38% of
all the X-rays taken (Figure 1). None of the patients had
urinary tract injury during the study period. One patient
who had a normal X-ray underwent an additional
delayed CT scan for a high suspicion of ureteral injury
which did not reveal any relevant pathology. There
was no significant difference between optimal and
suboptimal X-ray groups in terms of age, gender, and
trauma type (Table 1). Median time interval between
these two imaging modalities was found significantly
shorter in optimal X-ray group than suboptimal X-ray
group. Comparison of optimal and suboptimal X-ray
groups is summarized in Table 1.

Abdominal Radiogra

Renal
pelvises

Abdominal %

ureters

Pelvic
ureters N

Bladder

Figure 1. An X-ray of the optimal group obtained
approximately 25 minutes after single-phase CT scan

CT: Computed tomography

With the primary objective of identifying a clinically
appropriate, and applicable time interval to all trauma
patients, we reassessed our data by categorizing the
images obtained at 10-minute intervals. We found
out that one patient whose X-ray was performed
unintentionally within the first ten minutes. No clear
image could be obtained in this patient. Bladder could
be visualized in at least 90% of the patients in the first
hour. However, for ureter and pelvis this rate decreased
rapidly if this time interval exceeded half an hour
(Figure 2). So, we subgrouped patients according to
time intervals in-between as 10-30 minutes (Group 1)
or longer (Group 2). There was no significant difference
between the two groups in terms of age, gender, and
trauma type. The proportion of patients with optimal
X-rays was significantly higher in Group 1 (p=0.001). Both
ureters and pelvises were visualized optimally in Group
1 (p<0.001 and p=0.011 respectively), while visualization
rates of bladders did not differ significantly between
both groups (p=0.437). Comparison of subgroups is
summarized in Table 2.

100 \/~/\

80 -

60 -
Bladder

Patient%

40 - Both Ureters

Both Pelvises
20 -

<10 20 30 40 50 60 >60

Interval (minutes)

Figure 2. Percentages of patients with imaged bladder
(blue), ureters (red) or pelvises (green) on the X-rays
performed following CT-scans, grouped according to
time intervals between these two imaging modalities

CT: Computed tomography

Table 1. Comparison of optimal and non-optimal X-ray groups (n=190)

Optimal X-ray Non-optimal X-ray
_ p-values
group (n=72) group (n=118)
Median age: years (Q1-Q3) 9.3 (5-15) 8.8 (5-15) 0.7222
Gender distribution: male; n (%) 48 (67%) 90 (76%) 0.203°
Type of trauma exposed: blunt trauma; n (%) 60 (89.8%) 106 (87.5%) 0.796°
Median interval time elapse: minutes (Q1-Q3) 39.5(31-60) 72.5 (47-112) <0.001°

aMann-Whitney U test, *Yates' continuity correction test, Q1-Q3: First and third quartiles
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Table 2. Comparison of subgroups (n=190)

X-rays obtained 10-30 minutes
. Others (n=164) p-values

following CT-scans (n=26)
dMedian age: years (QI1-Q3) 9.0 (5-15) 9.0 (5-14) 0.726°
Gender distribution: male: n (%) 20 (77%) 118 (72%) 0.771°
Type of trauma exposed: blunt trauma; n (%) 24 (92%) 145 (88%) 0.744¢
Success of imaging both ureters; n (%) 20 (77%) 57 (35%) <0.001°
Success of imaging both pelvises; n (%) 22 (85%) 92 (56%) 0.011°
Success of imaging bladder; n (%) 23 (89%) 152 (93%) 0.437¢

2Mann-Whitney U test, bYates' Continuity correction test, Fisher's exact test,

4Q1-Q3: First and third quartiles

DISCUSSION

Trauma is the most common cause of mortality and
morbidity in children. Approximately 25% of pediatric
trauma patients had abdominal injury and genitourinary
tract injury occurs in 10% of the cases with abdominal
trauma’B%, Ureteral trauma is uncommon, accounting
for less than 1% of all urologic traumas'®. Although
genitourinary tract trauma in children accounts for 10%
ofallabdominaltrauma, there are not many studiesin the
literature on the most appropriate imaging modalities to
be used in children. Especially visualization of ureters is
more problematic. Because ureters cannot be visualized
appropriately unless triple-phase CT is performed. Use
of this imaging modality increases radiation exposure.
There are no studies on how detailed demonstration of
ureters can be performed with lower radiation exposure.

In our literature search, we found a few studies on
the imaging of genitourinary tract injuries in children.
All these studies have referenced research studies
performed in adults and recommended intravenous
contrast-enhanced CT with a delayed excretory
phase. Although CT scans are sensitive in detecting
ureteralinjuries; they come with the significant drawback
of high radiation exposure. However, the literature does
not provide any recommendations for reducing radiation
exposure in these patients.

At our clinic, we employ a cutting-edge technique
to visualize the urinary system, and use radiography
following a single-phase CT scan. Despite its widespread
use in our practice, this method is not supported by
existing literature. Therefore, in this study, our goal is to
determine the optimal time interval between X-ray and
single-phase CT. However, we are planning a prospective
study to assess the diagnostic sensitivity and specificity
of this technique.

The rarity of ureteral injuries made us question the
necessity of triphasic CT scanin pediatric trauma patients.
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Therefore, we prefer single phase (portal venous)
tomography to reduce the radiation exposure in the
evaluation of trauma patients and reserve delayed phase
CT imaging only for patients with a highly suspected
ureteral injury. Instead of a delayed phase CT scan, we
routinely perform an X-ray following CT to evaluate the
urinary tract. Since we obtained similar image similar
to intravenous pyelography in some patients (Figure
1), we aimed to constitute a standardized protocol and
validate our technique in diagnosing ureteral injury.
This preliminary study was performed to determine an
optimal time interval for this protocol, and we found
an approximately 38% success rate in visualizing the
complete urinary tract and 41% success rate in visualizing
both ureters regardless of the time interval elapsed
between two scans. Also, as expected, the median time
interval between two scans was significantly shorter in
optimal X-rays than suboptimal ones. Diagnostic success
rates of X-ray was statistically significantly reduced in
those taken 60 minutes after CT-scans. The urinary tract
as a whole could be visualized in 65% and both ureters
in 77% of patients when the X-rays were performed
between 10 to 30 minutes after CT scans.

Study Limitations

The major limitation of this study is retrospectively
collected data and unstandardized imaging protocol
with varying time intervals between these two
radiological techniques, but this study provided us the
information that predetermined time intervals between
two imaging techniques should be between 10 to 30
minutes in future studies. Obtaining this data will allow
us to constitute a standardized protocol and our current
plan is a prospective study to reveal the diagnostic
sensitivity and specificity of this technique.

CONCLUSION

Ureteral disruption is an exceptional injury following
trauma in children. Guidelines recommend multi-phase
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CT scans to diagnose ureteral injuries, but ALARA
principles advise us to reduce radiation exposure
especially in children. Our preliminary study showed
that an image which provides sufficient anatomic detail
to visualize the collecting system could be obtained if an
X-ray is performed 10-30 minutes following CT scan. We
think this can guide future studies and help constitute a
standardized protocol to image urinary tract in trauma
patients.
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Long-term Outcomes of Patients with Giant Hydronephrosis After

Pyeloplasty

Cocukluk Cagi Dev Hidronefroz Olgularinin Pyeloplasti Sonrasi Uzun Dénem

Sonuclari

® Ayse Basak Ucan, ® Begiim S6nmez, ® Ayse Demet Payza, ® Arzu Sencan

University of Health Sciences Turkey, Dr. Behcet Uz Pediatric Diseases and Surgery Training and Research Hospital, Clinic of Pediatric Surgery,

izmir, Turkey

ABSTRACT

Objective: The study aims to assess the long-term outcomes of pyeloplasty performed for ureteropelvic junction
obstruction (UPJO) with giant hydronephrosis (GH).

Method: Data of 94 patients with ipsilateral UPJO patients who underwent pyeloplasty were analyzed. Patients’
demographic characteristics, pre-, and postoperative anteroposterior diameters (APDs) of their kidneys,
parenchymal thickness (PT) ratio (PT of ipsilateral/contralateral kidneys) of kidneys, differential renal function
(DRF) and surgical outcomes were compared between the GH (group of patients with AP diameter of at least 50
mm as measured on two ultrasonographys with thinner PT than % of the contralateral kidney) and the non-GH
groups.

Results: Six female, and 18 male children were included in the GH (mean APD: 60.46%9.25 mm), and the remaining
21 female, and 49 male patients in the non-GH group were used as controls. Preoperative PT ratios and DRFs were
found to be impaired in the GH group compared to the non-GH group (p<0,05). No significant differences were
found between the groups in terms of age, gender, laterality of pyeloplasty, operative success. APD and PT ratios
of GH and non-GH groups of patients. APD and PT ratios were found to improve significantly after pyeloplasty
(p<0.05). GH patients who underwent pyeloplasty before 1 year of age experienced significant improvement in
their DRFs and PT ratios, while these parameters did not improve in older children who underwent pyeloplasty.

Conclusion: Long-term outcomes of pyeloplasty are satisfactory in pediatric UPJO patients with GH, and their
DRFs were stable even in late renograms. Early relief of the obstruction improves PT and renal functions in GH
patients younger than 1year of age.

Keywords: Differential renal function, poorly functioning kidney, pyeloplasty, ureteropelvic junction obstruction,
renal parenchymal thickness

oz

Amag: Calismamizin amaci dev hidronefrozu (DH) olan treteropelvik darlik olgularinin (UPD) pyeloplasti sonrasi
uzun dénem sonuglarinin degerlendirilmesidir.

Yoéntem: Klinigimizde pyeloplasti yapilan toplam 94 (ortalama izlem suresi: 4,8 yil) tek tarafli UPD hastasi analiz
edildi. Hastalarin demografik 6zellikleri, ameliyat dncesi ve sonrasi 6n-arka ¢ap (AP), parankimal kalinlik (PK) orani
(ipsilateral PK/kontralateral PK), diferansiyel bébrek fonksiyonu (DF) analiz edildi ve DH olan ve olmayan gruplar
arasinda karsilastirildi.

Bulgular: DH grubunda (AP cap: 60,46%9,25 mm) 24 (K/E: 6/18) olgu mevcuttu. DH'si olmayan 70 (K/E: 21/49)
UPD olgusu kontrol grubu olarak kullanildi. Ameliyat éncesi DF ve PK orani DH grubunda DH olmayan gruba
goére anlamli olarak azalmis bulundu (p<0,05). Gruplar arasinda yas, cinsiyet, taraf, operatif basari acisindan
anlamli farklilik yoktu. Her iki grupta da hastalarin AP ¢ap ve PK oranlarinin pyeloplasti sonrasi dnemli élglide
duzeldigi goruldu (p<0,05). Bir yastan 6nce pyeloplasti yapilan DH olgularinda DF ve PK oraninda anlamli iyilesme
goruliurken, 1 yasindan sonra cerrahi uygulanan GH hastalarinda anlamli diizelme saptanmadi (p<0,05).

Sonug: DH olgularinda pyeloplasti sonuglart giiz guldurticudur. Ozellikle bir yasin altindaki olgularda
obstriiksiyonun ortadan kalkmasi belirgin bir nefron korumasi saglar.

Anahtar kelimeler: Diferansiyel bdbrek fonksiyonu, fonksiyonu bozulmus bébrek, pyeloplasti, Greteropelvik
bileske darlig), renal parankimal hasar
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INTRODUCTION

Giant hydronephrosis (GH) is most often defined as
the accumulation of more than one liter of fluid in the
collecting system or the hydronephrotic kidney crossing
the midline or extending more than five vertebral
lengths?. However, these definitions mostly based on
adult series are outdated, are not precise or quantitative,
and require application of percutaneous nephrostomy
or radiological techniques for their confirmation. A few
series with a limited number of patients and follow-
up intervals have been published in the literature on
pediatric patients with GH due to ureteropelvic junction
obstruction (UPJO). Most of them have not defined any
inclusion criteria for GH in their series®®. Thus there is
no consensus on the definition of GH in the pediatric
age group.

Our study aims to investigate the long-term outcomes
of pyeloplasty in pediatric UPJO patients with GH and
proposes a simpler and more practical method for
defining GH in the pediatric age group.

MATERIALS and METHODS

Patients with UPJO who underwent dismembered
pyeloplasty at our institution from 2008 to 2020 were
retrospectively analyzed. Children with bilateral UPJO,
solitary kidney or kidney with suprarenal function, as
well as those with any other urinary system disorders
including vesicoureteral reflux, ureterocele, megaureter,
bladder outlet obstruction, and those who have not
completed at least one year of follow-up or with
missing data, were excluded. Ninety-four patients were
divided into GH and non-GH groups according to their
parenchymal thickness (PT) ratios, and anteroposterior
diameter (APD) of renal pelvises. Patients with an APD
of at least 50 mm on two ultrasonographys (USGs) and
thinner PT than % of the contralateral kidney were
included in the GH group. APD measured between
the points where the parenchyma ends in the hilus in
sections taken in the transverse plane of the kidney
by the pediatric radiologist. PT was measured as the
minimum distance from the renal capsule to the edge
of the renal sinus in the midline sagittal view. APD and
PT measured at the last USG before the operation were
included in the study as preoperative APD and PT, and
one year after the operation as postoperative APD and
PT.

Patients’ demographic characteristics, preoperative
and postoperative APDs, PT ratios (involved side PT/
contralateral side PT)® differential renal functions
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(DRFs), and surgical outcomes were compared between
groups.

The preoperative and postoperative parameters
were compared between groups to clarify the operative
benefit. GH patients were also grouped by age (21 year
of age). Results of DRF, APD, and PT ratios were also
compared between both groups.

Negative voiding cystourethrography was seen in
all patients. Indications for surgery included impaired
split kidney function at and/or a significant obstruction
(poor or no response to furosemide) on 99mTc-MAG3
scintigraphy,and impaired PT. Deterioration (25%) inrenal
functions, and an increasing degree of hydronephrosis
in successive studies were also considered an indication
for operation. Open Anderson-Hynes pyeloplasties were
performed on all patients. All GH patients underwent
renal pelvic reduction, the extent of which was decided
by the surgeons. A double J ureteral stent was inserted
in all patients during surgery and removed three weeks
later. The success of pyeloplasty was described as
gradual improvement of hydronephrosis revealed in
postoperative USG and improvement of drainage as
detected in MAG3 scintigraphy?.

Following standard guidelines, DRF was assessed
as the percentage of the relative renal activity over
the sum of background-corrected total renal activity
at 1-2 minutes after the intravascular (IV) injection of
radiopharmaceutical agent. Twenty minutes after the
injection of a radiopharmaceutical agent, furosemide (1
mg/kg V) was injected (F+20). Drainage seen on diuretic
renogram, starting before or immediately after IV
injection of furosemide was termed as Grade O, delayed
drainage after furosemide as Grade 1, and poor or no
response to furosemide with a plateau or an upward
curve as Grade 2. The 99mTc-MAG3 diuretic renograms
were evaluated by the same nuclear physician.

Renal USG was performed one month after the
operation, then every 3 months, and yearly thereafter. A
99mTc-MAG3 renogram was performed routinely 6 to 12
months after the operation to confirm operative benefit.

The results of the patients who had undergone
renal scintigraphy at postoperative 2-8 years were also
compared with the postoperative first year scans to
assess whether there was a long-term deterioration in
DRF. Unfortunately, since ours was a retrospective study
the indications for requesting late-term scintigraphy,
which is not used in routine practice could not be fully
determined.
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Statistical Analysis

The data were analyzed by SPSS V20 software
using descriptive (percentage, median, and mean) and
analytical statistics (Mann-Whitney U, Wilcoxon Signed
Ranks, Pearson’s chi-square, and Fisher's exact tests).
P<0.05 was considered statistically significant.

Ethical Approval

This study approval by the University of Health
Sciences Turkey, Dr. Behcet Uz Pediatric Diseases and
Surgery Training and Research Hospital Clinical Research
Ethics Committee (approval number: 2023/09-09-847,
date: 22.06.2023). All patients were given information
about the procedure, and their consent were obtained.

RESULTS

A total of 94 patients were allocated to GH (6 F/18
M) and non-GH (21 F/49 M) groups according to their
APD and PT ratios. The median age of the patients at
the time of operation (36.25+51.23 months), the mean
APD (60.46%9.25 mm), and the median follow-up period
(6.714£3.55 years) were as indicated in the GH group. No
significantdifferenceswerefoundinage, gender, laterality
of pyeloplasty, and operative success rates between the
groups. In the non-GH group, the median age of the
patients at the time of operation (30.24+38.33 months)
the mean APD (28.55£8.5 mm), and the median follow-
up period (4.23+2.89 years) were as indicated (Table 1).
Preoperative PT ratios (p<0.001), DRF (p=0.023), and PT
(p=0.004) were found to be significantly impaired in
the GH group compared to the non-GH group (Table 2).
Contrary to DRF, significantly improved postoperative
PT ratios, and PT were noted in both groups (Table 2).

Seventeen (70.8%) patients in the GH, and 42 (60%)
patients in the non-GH group were younger than 1 year
of age. Preoperative DRF was significantly impaired in

patients older than one year of age (p=0.024) in the GH
group, and PT ratios, and DRFs did not improve after the
operation. Contrarily, PT ratios and DRFs significantly
improved in patients younger than one year of age
(Table 3).

The perioperative and postoperative processes
were uneventful for all patients. No anesthesia-related
complications were observed in all patients including
infants. No patient experienced acute obstruction,
urinary leakage, or unexpected readmission.

Reoperation was performed due to a gradual increase
in APD in the postoperative period and persistent
obstructive drainage pattern (Grade 2) in 99mTc-MAG3
scintigraphy. Reoperation was required in 3 (12.5%),
patients in the GH and in 6 (8.6%) patients in the non-
GH group. The reoperation rate was not statistically
significantly different between groups (p=0.689). One
patient in the GH group underwent ureterocalicostomy
as a second operation because the ureter was not long
enough to perform the ureteropelvic anastomosis.

In the GH group, the preoperative drainage pattern
on 99mTc-MAG3 scintigraphy was classified as Grade 2
in 23, and Grade 1 in one patient. In 13 patients, including
patients with reoperation, good drainage was observed,
and in 8 patients drainage pattern was improved from
Grade 2 to 1 in the GH group after the operation. APDs
of all patients was also improved in the follow-up visits.

One patientwith DRF<10% in the GH group developed
hypertension that was controlled by medication after
the operation. In the GH group, a second scintigraphy
had been performed in 19 patients 2 to 8 years after
the operation. Any statistically significant difference
was not detected between scintigraphies performed
postoperative 1, and also 2-8 years were in terms of DRFs
(p=0.944).

Table 1. Comparison of demographics in GH and non-GH group

GH group Non-GH group p-value
Number of the patients 24 70
Age of the patients (months) 36.25%51.23 30.24%38.33 0.551
Patients <1 year of age 17 (70.8%) 42 (60%) 0.343
Side (R/L) 5/19 21/49 0.386
ANH 19 (79.2%) 50 (71.4%) 0.459
GCender (F/M) 6/18 21/49 0.64
Reoperation 3(12.5%) 6 (8.6%) 0.689
Follow-up (year) 6.71£3.55 4.23+2.89 0.003
GH: Giant hydronephrosis, R/L: Right/Left, F/M: Female/Male, ANH: Antenatal hydronephrosis
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Table 2. Comparison of the preoperative and postoperative DRF, APD, PT and PT ratio in GH group and non-GH group

GH group Non-GH group p-value
DRF
Preoperative 32.0714.14 39.13%11.99 0.023
Postoperative 34.83%13.75 39.83£12.99 0.122
p-value 0.057* 0.214**
APD
Preoperative 60.4619.25 28.55%8.5 <0.001
Postoperative 19.48+12.61 1112614 0.001
p-value <0.001* <0.001**
PT
Preoperative 3,24%1,46 47121 0.004
Postoperative 7,13+2,98 7.31%2.46 0.419
p-value <0.001* <0.001**
PT ratio
Preoperative 0.33+0.15 0.5£0.2 <0.001
Postoperative 0.65%0.33 0.7220.22 0.162
p-value <0.001* <0.001**

*Comparison of the preoperative and postoperative DRF, APD, PT and PT ratio in GH group, **Comparison of the preoperative and postoperative
DRF, APD, PT and PT ratio in non-GH group. DRF: Differential renal function, APD: Anteroposterior diameter, PT: Parenchymal thickness, GH: Giant

hydronephrosis

Table 3. Comparison of preoperative and postoperative DRF, APD, PT and PT ratio in GH group according to age

GH patients according to age, n=24 <1years of age, n=17 >1 years of age, n=7 p-value
DRF (%)

Preoperative 36.53£10.78 21.23%16.23 0.024
Postoperative 40.53%10.48 21.00£10.78 0.002
p-value 0.034* 1.000**

APD (mm)

Preoperative 60.65%8.1 60+12.37 0.609
Postoperative 16.38+8.12 27%18.46 0.192
p-value <0.001* 0.028**

PT (mm)

Preoperative 3.04%1.21 3.71£1.98 0.260
Postoperative 8.03%£2.98 4.93%1.54 0.006
p-value <0.001* 0.167**

PT ratio

Preoperative 0.35%0.15 0.27%0.15 0.374
Postoperative 0.77+0.3 0.34t0.09 0.001
p-value <0.001* 0.312**

*Comparison of preoperative and postoperative DRF, APD,

Parenchymal thickness, GH: Giant hydronephrosis

PT and PT ratios of patients with <1 year of age, **Comparison of preoperative and
postoperative DF, APD, PT and PT ratios of patients with >1 year of age. DRF: Differential renal function, APD: Anteroposterior diameter, PT:
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DISCUSSION

Data regarding pediatric patients with GH due to
UPJO is scarce and there is even no consensus on how
to define GH in the pediatric age group®®. In our study,
cases with an AP diameter of at least 50 mm on two USGs
and with PT thinner than % of the contralateral kidney
were considered as GH. We thought that overexpansion
of the collecting system or the amount of fluid within the
collecting system (which might be changed according
to the age of the patient) is not sufficient to describe
GH in children. Sorrentino defined GH as not only
dilatation of the extrarenal or intrarenal pelvis but also
the transformation of the kidney into a fluid-filled sac
with thin parenchyma®. Increased intrarenal pressure
reduces renal blood flow and causes glomerular and
tubular atrophy and eventually fibrosis®.

Significant thinning of the renal parenchyma and
severe loss of renal function are observed in GH patients.
Previous studies have emphasized, but failed to define
this decrease in PT®*. The configuration of the renal
pelvis may alter the definition of GH. It may be more
appropriate to define GH not only as an excessive
expansion of the pelvis but its effect on the parenchyma
should be also taken into account. Onen’s'”alternative
hydronephrosis grading system defines Grade 4
hydronephrosis as severe renal parenchymal loss
>1/2 (cyst-like kidney with no visually significant renal
parenchyma). We think that a definition that emphasizes
the decrease in PT, especially to distinguish the wide
extrarenal pelvis from GH, will contribute to an accurate
identification of pediatric GH patients. On the other
hand, AP diameter of pelvises over 50 mm is defined
as gross hydronephrosis by Dhillon and is stated as a
definite indication for pyeloplasty™. Therefore, it may
be a simpler and more practical method to combine
these parameters for the pediatric age group and accept
cases with an AP diameter of at least 50 mm and a PT
thinner than % of the opposite kidney as GH.

Our study has confirmed that preoperative PT ratios,
DRF, PT were found to be significantly impaired in the
GH group compared to the non-GH group (Table 1). In the
past years, nephrectomy was preferred in these cases.
The incidence of nephrectomy for GH was reported
between 3% and 70%"'?. Kaura et al."® reported in their
series, which included both children and adults, that
nephrectomy was performed on patients with renal
cortical thickness below 5 mm and renal function below
15%. We believe this approach is not suitable for children.
It has been shown in pediatric patients that PT and DRF
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may improve after pyeloplasty“"®. Nephrectomy is not
recommended anymore even for very poorly functioning
kidneys in childrent®!”,

Li et al."™ suggested that compression of the renal
parenchyma may be the cause of deterioration in
kidney function in some patients and that when the
obstruction is relieved, the function of the parenchyma
may significantly improve. Yapanoglu et al."® stated
that the primary aim of GH treatment is to protect the
renal parenchyma. Nerli et al.® reported 8 children
with GH who underwent laparoscopic pyeloplasty and
emphasized improvement in PT in these patients after
pyeloplasty. In our series, postoperative improvement of
PT was demonstrated in both groups, and improvement
in DRF was significant in infants with GH, and PT ratio of
GH patients became equal to that of non-GH patients.
Moreover, calculating the exact preoperative renal
function of a severely dilated kidney is not easy. In this
series, nephrectomy was not performed on any of the
patients including three cases with poorly functioning
(<10%) kidneys in the GH group. PT ratios, and DRFs of
all these three patients improved after pyeloplasty. Kim
et al.9 reported that performing pyeloplasty in patients
under 1 year of age is an important factor in the recovery
of PT. Baek et al.®’ reported that PT increased more in
children with GH who underwent surgery under 1 year
of age than in children over 1 year of age, and stated that
in GH early relief of the obstruction is beneficial®. Our
study confirmed that, when both groups were examined
accordingtoage, PT ratiosand DRFimproved significantly
in patients younger than 1 year of age. Contrary to that,
DRF and PT of patients older than 1 year of age were
significantly impaired compared to patients younger
than 1 year of age and did not improve after pyeloplasty
(Table 3). These patients are also susceptible to trauma,
which can delay and complicate surgery, therefore they
must be diagnosed and operated on as soon as possible.

Aseverely dilated renal collecting system has difficulty
restoring peristalsis and may cause poor renal clearance
even after surgery in patients with GH. Nephropexy
and nephroplication were suggested so as to improve
postoperative drainage patterns’3'92) Kato et al."” stated
that the postoperative results of those who underwent
nephroplication appeared to be better than those who
did not. However, this observation was based on a very
small number of patients. Shah et al.?? reported that
patients with huge extrarenal pelvis should undergo
reduction pyeloplasty combined with nephropexy to
reduce stasis and improve drainage by better aligning
the pelvicalyceal system with the upper ureter. On the



contrary, in their adult series Sataa et al.? stated that
such a procedure was not necessary and did not improve
renal drainage. Reduction pyeloplasty was performed
in this series, but none of the patients underwent
nephropexy or nephroplication. It is obvious to expect
a decrease in APD of the renal pelvis in patients who
underwent pelvis reduction. However, it should not be
forgotten that in cases with persistent obstruction and
the need for reoperation during follow-up, APD of the
renal pelvis increases gradually and is the first suspicious
finding for recurrent obstruction. Therefore, we think that
the gradual decrease in APD during follow-up, together
with the regression of the obstructive pattern in MAG3
scintigraphy, is an important criterion indicating the
success of the operation. It has been reported that the
best indicators of the relief of obstruction in GH patients
are the decrease in APD in USG and the stability of DRF in
diuretic renography®%. In our series, significant decrease
in APD of renal pelvis was achieved, and postoperative
drainage was satisfactory. The long-term preservation
of renal function was also demonstrated. This may be
related to the fact that all of the patients are in the
pediatric age group and infants constituting the majority.
Therefore, the deterioration in pelvic peristalsis may be
more irreversible when detected in late childhood or
adult age. Kaura et al."? reported a success rate of 70%
in adults and 90.9% in children with GH. As shown in
our series in which only pelvic reduction was performed,
satisfactory drainage patterns and improvement of
APD in GH patients were achieved after pyeloplasty.
Pelvic reduction may improve pelvic drainage, but
according to our results, we think that nephropexy and
nephroplication may not be necessary in pediatric age
groups.

Levitt et al.?* performed 15 ureterocalicostomies
(UC) as the primary treatment for UPJO. Ansari et al.?®
reported 25 children who underwent ureterocalicostomy
and claimed that UC had excellent outcomes in children
with GH due to primary and secondary UPJO. In our series,
only one patient with a short ureter underwent UC as a
reoperation. Based on our series demonstrating significant
improvement in patients’ drainage patterns in MAG3
scintigraphy, we think UC will not be the first treatment
of choice in pediatric age groups but can be chosen in
secondary surgery or patients with short ureters.

Study Limitations

The limitation of this study is that it was a
retrospective analysis and involved a small number of
patients. However, as far as we know, even though the
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scarce number of patients were included in this series, it
has the longest follow-up period where patients in the
pediatric age group with GH were monitored. The long-
term preservation of renal function and improvement of
PT has been demonstrated, when the patients who had
undergone renal scanning at postoperative first year and
in the long-term were compared.

CONCLUSION

Postoperative long-term outcomes were satisfactory
in pediatric patients with GH due to UPJO and
postoperative renal function and PT improved in
patients younger than 1 year of age.

Since reduction pyeloplasty provides sufficient
urinary clearance, nephropexy, and nephroplication are
not necessary for pediatric age.

UC or nephrectomy should not be considered as the
first treatment option in infants with GH.
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The Effectiveness of Computed Tomography Texture Analysis in

Distinguishing Wilms Tumor from Neuroblastoma

Bilgisayarli Tomografi Doku Analizinin Wilms Timériini Néroblastomdan Ayirt
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ABSTRACT

Objective: This study aimed to determine the effectiveness of computed tomography (CT) texture analysis
parameters in distinguishing Wilms tumor (WT) from neuroblastoma (NB).

Method: The research included forty-three patients (23 with WT and 20 with NB) with confirmed diagnoses and
CT images. Texture analysis involved seven first-order and nine second-order parameters, with receiver operating
characteristic (ROC) analysis performed to differentiate between WT and NB.

Results: Results showed that the median tumor volume was significantly higher in the WT group. Significant
differences were found in entropy and homogeneity among first-order parameters. ROC analysis revealed sensitivity
and specificity values: 78% and 45% for uniformity, 56% and 85% for entropy and 47% and 75% for sum entropy.

Conclusion: Findings suggest that texture analysis has potential in distinguishing WT from NB in pediatric CT
scans, which may reduce the need for repeated scans, additional imaging and invasive procedures, thereby
improving patient care and reducing healthcare costs

Keywords: Computed tomography, texture analysis, Wilms tumor, neuroblastoma

6z
Amag: Bu calismanin amaci, bilgisayarli tomografi (BT) doku analizi parametrelerinin Wilms timéorint (WT)
néroblastomdan (NB) ayirt etmedeki etkinligini belirlemektir.

Yéntem: Arastirmaya dogrulanmis tanilar ve BT gorintuleri olan 43 hasta (23 WT ve 20 NB) dahil edildi. Doku
analizi, WT ve NB arasinda ayrim yapmak icin gerceklestirilen alici isletim karakteristigi analizi ile yedi birinci
dereceden ve dokuz ikinci dereceden parametre igeriyordu.

Bulgular: Sonuclar, medyan tiimér hacminin WT grubunda anlamli olarak daha yuksek oldugunu gosterdi. Birinci
dereceden parametreler arasinda entropi ve homojenlik agisindan anlaml farkliliklar bulunmustur. ROC analizi,
duyarlilik ve 6zgulluk degerlerini ortaya ¢ikardi: tekdiizelik icin %78 ve %45, entropi icin %56 ve %85 ve toplam
entropi igin %47 ve %75.

Sonug: Bulgular, doku analizinin pediatrik BT taramalarinda WT'yi NB'den ayirt etmede potansiyele sahip oldugunu,
bunun da tekrarlanan taramalara, ek goriintiilemeye ve invaziv prosediirlere olan ihtiyaci azaltabilecegini, bdylece
hasta bakimini iyilestirebilecegini ve saglik hizmeti maliyetlerini azaltabilecegini gdstermektedir.

Anahtar kelimeler: Bilgisayarli tomografi, doku analizi, Wilms timéri, néroblastom
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INTRODUCTION

Wilms tumor (WT) and neuroblastoma (NB) are
the most common intra-abdominal malignant tumors
found in adjacent organs in the pediatric age group®.
Because these tumors are frequent in children and

Imaging methods are used to gather
information about tumors,

are usually helpful in making a definitive diagnosis, but
accurately distinguishing between these two tumors
can sometimes be challenging®.

specific
evaluate the type of

typically present with a large abdominal mass, they
are often considered in the differential diagnosis
of each other, based on clinical and radiological
evidence. Diagnostic imaging and laboratory findings

malignancy, determine the spread of the disease, assess
the response to treatment and identify the possible risk
of cancer recurrence. However, it is not always possible
to distinguish between different types of tumors using
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radiological methods. Therefore, a definitive diagnosis of
WT or NB before treatment is crucial, as the management
and treatment of these tumors are quite different®.
Nephrectomy is the primary treatment for WT, while
neoadjuvant chemotherapy is the main approach for
preserving the kidney and its functions in patients
with high-risk abdominal NB. WTs typically appear as
pseudoencapsulated spherical intrarenal tumors and
involve calcification in about 9% of cases, whereas NBs
involve calcification in approximately 90% of patients.

Additionally, NB may exhibit radiological findings
similar to WT, such as thrombosis in the renal vein,
inferior vena cava and right atrium or, in rare cases, lung
metastasis. When a large NB infiltrates the kidney, it can
be misdiagnosed as an exophytic WT®,

Computed Tomography Texture Analysis (CTTA)
is a new technique that analyses tissue in terms
of its structure, microarchitecture, symmetry and
homogeneity or heterogeneity®. Texture analysis
is a quantitative, mathematical image processing
method used to assess the spatial heterogeneity of
regions of interest in medical imaging and the spatial
interrelationships of non-invasive pixel densities. It is
used to distinguish between benign and malignant or
biologically more aggressive lesions, evaluate tissue
microenvironment heterogeneity, tumor grade, tumoral
cellular processes, such as hypoxia or angiogenesis, and
genetic characteristics such as mutation status, response
to treatment and measure fibrosis. In recent years, CTTA
has been used in the differential diagnosis of malignant,
benign lymphadenopathies in children, in the evaluation
of metastatic and non-metastatic lung solid nodules and
the diagnosis and grading of immature teratomas'-®.

This study aimed to retrospectively investigate
whether CTTA parameters can distinguish between WT
and NB, which are common intra-abdominal tumors in
the pediatric age group.

MATERIALS and METHODS
Study Design and Patient Selection

This retrospective study, meticulously conducted
at a single-center university hospital and approved by
the Selcuk University Local Ethics Committee (approval
number: 2021/174, date: 07.07.2021), as well as in
observance of the ethical principles outlined in the
Declaration of Helsinki, aimed to identify sixty patients
with pathological diagnoses of WT and NB. After a
thorough process of exclusion and careful selection,
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a total of forty-three patients (23 WT, 20 NB) with
pathological diagnoses and computed tomography (CT)
images in the Picture Archiving and Communication
System were included in the study.

CT Examination Protocol and Imaging Analysis

The images were obtained using a spiral CT scanner
equipped with 64 detectors (Aera, Siemens, Erlangen,
Germany) and utilizing low kVp. Axial CT images of the
abdomen with a 3.0 mm section thickness were acquired
during the venous phase. The specific acquisition
parameters were as follows: tube voltage ranging
from 110 to 80 kV, tube current from 110 to 180 maA,
pitch factor of 0.8, FOV 350-400 mm coverage, single
collimation width of 1.2 mm and the use of automatic
dose reduction software (CARE Dose 4D). Additionally,
a 2 mg/mL non-ionic contrast agent was administered
using an auto-injector at a 2-3 mL/sec rate.

CT Texture Analysis

The CTTA was conducted using OLEA research
software (Toshiba Medical Systems, Tokyo, Japan) by
a researcher with four years of experience in general
radiology and another researcher with ten years of
experience in pediatric radiology. The process involved
placing a free-hand region of interest (ROI) with a
radius of approximately one cm in tumor areas without
significant necrosis, calcification or vascular structures,
in venous phase sequences (Figures 1, 2). Texture analysis
included seven first-order statistical parameters (entropy;,
mean, median, skewness, kurtosis, variance, uniformity)
and nine second-order parameters gray matter co-
occurrence matrix (GLCOM) (contrast, informal measure
of correlation 2, inverse difference moment, maximum
probability, sum average, sum entropy, short-run low gray
level emphasis and long-run high gray level emphasis),
using grey level run length matrix (GLRLM).

Statistical Analysis

All the data was processed in Microsoft Office Excel
and then transferred to the SPSS (version 21.0, IBM
Corp.) for statistical analysis. The Kolmogorov-Smirnov
test assessed the data distribution, which examined
skewness and kurtosis. The descriptive statistics of the
data included minimum, maximum, mean, standard
deviation and median, with interquartile range (IQR).
Differences between the mean values of patients’age and
tumor volume among the tumor groups, were compared
using the Mann-Whitney U test. Additionally, differences
between the median values of the first order, GLCOM and
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GLRLM parameters among WT and NB were compared
using the Mann-Whitney U test. Receiver operating
characteristic (ROC) analysis was also conducted to
differentiate between WT and NB using the first order,
GLCOM and GLRLM parameters. Diagnostic results such
as sensitivity, specificity, predictive values and diagnostic
accuracy were provided at the 95% confidence interval.

A p-value of less than 0.05 was considered statistically
significant.

RESULTS

The age range of patients with WT was from 0.1 to 6
years, with a median age of 3 years (IQR: 2-4) and a mean
age of 3.17 years with a standard deviation of 1.74. Patients

Featuros FI_Abdo...
Vol 1#1

Original First Order

i Level Co-occurrence M

Figure 1. Axial contrast-enhanced CT images: the tissue analysis program monitors the ROl area (yellow area) drawn on
the solid mass originating from the left kidney, along with the tissue analysis results of the statistical parameters in the

case with WT

CT: Computed tomography, ROI: Region of interest, WT: Wilms tumor

Features

Original First Order

Uniformity
Original Gray Level Ca-ocourrence M.

Contrast

sis  1147.669

Figure 2. Axial contrast-enhanced CT images: in the case of NB, the tissue analysis program monitors the results of the
tissue analysis of the ROl area (yellow area) and statistical parameters drawn on the solid mass in the right adrenal area

CT: Computed tomography, ROI: Region of interest, NB: Neuroblastoma
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with NB also had an age range from 0.1 to 6 years, with
a median age of 1 year (IQR: 1-3) and a mean age of 2
years with a standard deviation of 1.91. The p-value for
age comparison between the two groups was 0.023. In
terms of tumor volume, patients with WT had volumes
ranging from 32 to 2320 mL, with a median volume of 301
mL (IQR: 106-576) and a mean volume of 429 mL, with
a standard deviation of 496. In contrast, patients with
NB had tumor volumes ranging from 9 to 1012 mL, with
a median volume of 105 mL (IQR: 23-278) and a mean
volume of 202 mL with a standard deviation of 255. The
p-value for tumor volume comparison was 0.013.

Table 1 displays the median values with IQR of the
first-order, GLCOM and GLRM parameters. Among these

parameters, entropy and uniformity from the first-
order parameters and sum entropy from the GLCOM
parameters showed statistically significant differences
among the tumor groups. Specifically, entropy (p=0.015)
and sum entropy (p=0.038) were significantly higher in
the NB group compared to the WT group. At the same
time, uniformity (p=0.027) was considerably higher in
the WT group compared to the NB group.

Moreover, Table 2 presents the ROC analysis results,
including the ROC curve for entropy, uniformity and sum
entropy to distinguish WT from NB (Figure 3). Sensitivity,
specificity, predictive values, diagnostic accuracies and
areas under the curves were calculated for the 95%
confidence interval cut-off values.

Table 1. Median and IQR s of the first order, GLCOM and GLRLM parameters compared among WT and NB

Wilms median (IQR) Neuroblastoma median (IQR) p-value
Entropy 4.49 (4.27-4.85) 4.78 (4.58-5.14) 0.015
Mean 58.93 (50.73-71.83) 61.83 (55.26-82.99) 0.16
Median 59 (51-71) 62.5 (55.2-83) 0.18
SD 5.99 (4.75-7.6) 6.49 (5.87-8.67) 0.1
Skewness 0.01(-0.23-0.5) 0.007 (-0.22-0.25) 0.89
Kurtosis 3.08 (2.76-3.78) 2.92(2.61-3.21) 0.13
Variance 35.97 (22.57-57.85) 4215 (34.51-75.59) 0.08
Uniformity 0.05 (0.042-0.059) 0.045 (0.036-0.049) 0.027
Contrast 30.91(23.7-45.73) 26.72 (21.16-39.65) 0.28
Informal measures of correlation 0.94 (0.92-0.95) 0.95(0.93-0.97) 0.22
Inverse difference moment 0.22 (0.2-0.25) 0.24(0.2-0.26) 0.18
Maximum probability 0.015 (0.01-0.016) 0.011 (0.009-0.016) 0.21
Sum average 67.25 (54.6-72.2) 64.4 (62.8-69.75) 0.77
Sum entropy 5.94 (5.63-6.05) 6.06 (5.81-6.25) 0.038
Run percentage 0.87(0.85-0.89) 0.88(0.85-0.9) 03
Short-run low gray level emphasis 0.003(0.002-0.005) 0.003(0.002-0.003) 0.34
Long-run low gray level emphasis 1972 (1327-2121) 1973 (1326-2120) 0.75

level run length matrix

p-values are obtained with the Mann-Whitney U test

SD: Standard deviation, IQR: Interquartile range, WT: Wilms tumor, NB: Neuroblastoma, GLCOM: Gray matter co-occurrence matrix, GLRLM: Grey

Table 2. ROC curve analysis results of the significant parameters distinguishing Wilms tum WT roblastoma

AUC | Cut-off Sens % Spes % PPV % NPV % Diagnostic accuracy %
(95% CI) (95% CI) (95% ClI) (95% ClI) (95% ClI)
Uniformity 0.7 0.042 78 (56-92) 45 (23-68) 62 (51-71) 64 (41-81) 63 (46-77)
Entropy 0.72 | 455 56 (34-76) 85 (62-96) 81(58-92) 63 (50-73) |70 (54-82)
Sum entropy | 0.68 |5.84 47 (26-69) 75 (50-91) 68 (48-84) | 55(43-66) | 60 (44-75)

WT: Wilms tumor, AUC: Area under the curve, PPV: Positive predictive value, NPV: Negative predictive value, Cl: Confidence interval
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Figure 3. ROC curve of the entropy, uniformity and sum
entropy used for distinguishing WT from NB

ROC: Receiver operating characteristic, WT: Wilms tumor, NB:
Neuroblastoma

DISCUSSION

NB is the most common solid tumor outside the
brain in children, making up 6 to 10% of all pediatric
malignancies. It originates from neural crest cells in the
adrenal medulla and sympathetic ganglia. Following NB,
WT is the second most common pediatric extracranial
malignancy, constituting5to 6% of pediatric malignancies.
The WT is an embryonal renal tumor containing
blastemal, stromal and epithelial components. Around
90% of NB s originate in the adrenal gland. Due to their
prevalence in the pediatric age group and the typical
presentation of a large abdominal mass, these tumors
are considered differential diagnoses of each other, from
clinical and radiological perspectives.

Differential diagnoses of WT and NB can often be
determined through radiological imaging examinations.
Features favouring NB include calcification, unclear
borders, patient age under two years, crossing the
midline, as well as bone and lymph node involvement.
Conversely, features of WT include patients aged 3 to
4 years, regular border features, vascular invasion, paw
finding and lung metastases. However, radiological
differentiation may not always be possible and a
definitive diagnosis usually requires a histopathological
examination.

While histopathological examination is considered
the gold standard for tumor diagnosis, typing and grading
in oncological diseases, the medical field is making
significant efforts to develop non-invasive methods for
prognosis determination, which would reduce the need
for treatment and preoperative biopsy“. Tissue analysis
is a non-invasive, mathematical method that evaluates
the spatial heterogeneity of regions of interest in
medical imaging?. Tissue analysis techniques, first used
in radiology by Sutton and Hall"™ in 1972, have become
increasingly popular in today’s medicine, particularly
in the diagnosis, classification and treatment follow-up
of oncological diseases. Descriptive statistics revealed
that NB was more common in the first two years of
age and WT was more common in the 3 to 4 years age
group, in line with existing literature. While the size at
the time of diagnosis was not previously significant
for differentiation in both tumors, this study’s results
revealed a considerable p-value, indicating that Wilms's
tumor was more critical at the time of diagnosis‘?.

In this research, we explored the effectiveness of
CTTA in distinguishing between WT and NB. Texture
analysis assesses the diversity of the cancer and evaluates
it based on the disparities in brightness between the
examined region and the background signal intensity.
Regarding the significant texture parameters in our
study, uniformity measures the consistency of gray-
level densities within an image or region ROI. Maximum
uniformity is achieved when all pixels in an image or ROI,
have the same gray level density. Entropy, a measure of
heterogeneity, reflects the randomness of the density
distribution in the analyzed image. Entropy is at its peak
when all densities in the matrix have equal probability.
Sum entropy, another indicator of heterogeneity, is
calculated by summing the differences between the
density values of neighbouring pixels. No prior studies
in the literature compare WT and NB regarding texture
parameters.In 2009, Shin et al.™ utilized texture analysis
in the differential diagnosis of WT, rhabdoid tumor
and clear cell renal sarcomas through ultrasonography,
yielding significant results in various texture parameters,
such as sum mean, maximum probability and inverse
difference moment. Cahalane et al.¥’) stated that the use
of CTTA features in the study conducted by Pediatric CT,
increases the usefulness of pediatric CT in differentiating
the difference between benign lymphadenopathy and
malignant lymphadenopathy, that it should be added
to CT protocols, that it has great potential to aid in the
characterization of ambiguous lymph nodes and that it
will reduce associated radiation exposure, as well as the
need for tissue sampling with follow-up imaging. Our
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study is the first to describe the CT texture parameters
for both WT and NB.

WT more commonly contains cystic-necrotic areas
and bleeding, while calcification is more common in
NB. Both tumors appear heterogeneous in radiological
and pathological terms. This study aimed to evaluate
the microscopic heterogeneity by measuring the tumors’
cystic, hemorrhagic and calcific regions. The study found
that the uniformity was higher in WT, while the entropy
and total entropy were higher in NB, indicating that
NB is more heterogeneous at the microscopic level.
The study also suggested that specific parameters of
the Bi-dimensional Texture Analysis may have good
diagnostic performance (area under the curve >0.7) in
differentiating NB from WT.

Study Limitations

Our study has some limitations. Firstly, it was
conducted with limited WT and NB cases due to its
retrospective and single-center nature. Secondly, since
the masses are heterogeneous, ROl measurements were
made from the solid part, which may affect the tissue
analysis parameters. Third, given the reproducibility of
the results, this study only analyzed seven first-order
and nine second-order parameters, which did not
cover all known tissue features. Since this study is a
preliminary attempt to use CTTA to identify and rank the
16 parameters of IT, further research will delve deeper
into this area with the support of artificial intelligence
and additional parameters. Finally, given the relatively
limited research on tissue analysis of CT, the contribution
of all tissue features to clinical interpretation has yet
to be fully recognized. Future research is required to
accumulate additional experience in this field, in order
to further validate and elucidate the relevance and
mechanisms of textural features in clinical practice.

CONCLUSION

The research presented in this study illustrates the
potential of utilizing textural analysis to differentiate
between WT and NB when examining CT scans of
pediatric patients. If successfully implemented in
standard clinical practice, this method can minimize the
requirement for repetitive follow-up scans, additional
imaging and invasive tissue sampling procedures. By
incorporating tissue analysis into the existing pediatric
abdominal CT protocols, medical professionals may
be better equipped to accurately diagnose and
differentiate between WT and NB using imaging alone.
However, further comprehensive studies with larger

158

sample sizes remain essential to validate the practicality
of distinguishing between WT and NB, within real-world
clinical environments.
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Determining the Chronological Age of Children Living in the
Mediterranean Region Using Different Radiological Methods and Age

Estimation Methods

Akdeniz Bélgesinde Yasayan Cocuklarin Kronolojik Yaslarinin Farkli Radyolojik
Yéntemler ve Yas Tahmin Yontemleri Kullanilarak Belirlenmesi
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ABSTRACT

Objective: The aim of this study was to evaluate the suitability of three age estimation methods, using different
radiological techniques, for estimating the chronological age (CA) of children living in the Mediterranean region,
and whether these methods can be used in forensic procedures.

Method: A total of 1296 digital orthopantomographic and hand-wrist radiographs of 648 children aged between
7 and 16 years were evaluated. Fishman, Willems and Nolla age estimation methods were used to estimate CA.

Results: Chronological and dental age correlated with the Nolla and Willems methods (NM and WM) in both boys
and girls. There was no statistically significant difference between upper canine age estimation and CA using the
NM in children aged 7-11 years in boys and in girls. There was no statistically significant difference between the NM
upper canine age estimation and CA in children aged 12-14 years in boys.

Conclusion: The WM may be suitable for estimating CA in boys and girls aged 7 and 14 years. The Fishman method
may be suitable for estimating CA in girls aged 12-14 years. The NM of upper canine age estimation can also be
used to estimate CA.

Keywords: Nolla method, Fishman method, Willems method, age determination, age estimation
oz
Amag: Bu galismanin amaci, Akdeniz bélgesinde yasayan ¢ocuklarin kronolojik yaslarini tahmin etmek icin farkli

radyolojik teknikler kullanan G¢ yas tahmin yénteminin uygunlugunu ve bu yéntemlerin adli prosedirlerde
kullanilip kullanilamayacagini degerlendirmektir.

Yontem: Yaslari 7 ile 16 arasinda degisen 648 cocuga ait toplam 1296 dijital ortopantomografik ve el-bilek
radyografisi degerlendirildi. Kronolojik yas tahmini icin Fishman, Willems ve Nolla yas tahmini yéntemleri kullanildi.

Bulgular: Kronolojik ve dental yas hem erkek hem de kiz gocuklarda Nolla ve Willems yéntemleri ile korelasyon
gosterdi. Erkeklerde ve kizlarda 7-11 yas arasi cocuklarda Nolla yéntemi ile Gst kanin yas tahmini ve kronolojik yas
arasinda istatistiksel olarak anlamli bir fark yoktu. Erkeklerde 12-14 yas arasi gocuklarda Nolla yontemi ile st kanin
dis yasi tahmini ile kronolojik yas arasinda istatistiksel olarak anlamli bir fark bulunmadi.

Sonug: Willems yéntemi 7 ve 14 yaslarindaki kiz ve erkek cocuklarda kronolojik yas tahmini igin uygun olabilir.
Fishman ydntemi 12-14 yas arasi kiz cocuklarinda kronolojik yas tahmini icin uygun olabilir. Nolla Ust kanin dis yasi
tahmin yontemi de kronolojik yasi tahmin etmek icin kullanilabilir.

Anahtar kelimeler: Nolla ydontemi, Fishman yontemi, Willems yéntemi, yas tayini, yas tahmini
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INTRODUCTION

Estimation of chronological, skeletal and dental
age is important for both identification and treatment
of children!”. Determining the compatibility of skeletal
and dental age with chronological age (CA) by age
estimation methods helps to correctly resolve legal and
ethical issues, especially in children, during growth and
development periods?.

Dental age estimation methods could provide an
accurate assessment of CA®. Dental calcification stages
are useful measures in age estimation because of a series
of recognizable changes. The other method is skeletal
age estimation based on the maturation indicators.
Skeletal maturation indicators include 11 anatomical
regions on the radius, phalanges, and sesamoids. There
are many researchers working on this method. Fishman
is also one of these researchers. Fishman developed
a skeletal maturation assessment method based on
hand-wrist radiographs?, excluding the carpal bones. An
important diagnostic tool for age estimation is the hand-
wrist radiograph®?, which provides a comprehensive age
assessment.

The Willems method (WM) revisited Demirjian’s
technique based on the developmental stages of teeth®,
This method contains new charts for each gender, each
tooth’s score is added, and age is directly converted from
the years. The Nolla method (NM) estimates dental age
according to the degree of calcification in permanent
teeth®,

Both the maxillary and the mandibular teeth are
evaluated according to developmental stage, the scores
are added, and the sum is matched with the chart for
the value that corresponds to dental age, or tooth age is
converted directly to years with age conversion charts.
Accurate age estimation with radiography is difficult due
to the difficulty of grouping different sample sizes and
comparing statistical analysis. Fishman method (FM),
NM (canine and first molar) and WM have not previously
been evaluated in the same study in children and
adolescents.

The applicability of these three age estimation
methods was evaluated in children living in the
Mediterranean region in this study. In addition, it was
evaluated whether canine or first molar maturation
stages alone are sufficient to predict CA and whether
these methods can be used for forensic procedures in
children living in the Mediterranean region.
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MATERIALS and METHODS

Subjects

For this study, 1296 digital radiographs of
orthopantomographs and hand-wrist radiographs of
648 children were obtained from hospital records. The
children whose radiographs were analysed were patients
from the provinces of izmir, Aydin, Manisa, Mugla,
Kutahya and Balikesir who came to the dental clinic with
their parents for examination.

Selection Criteria of the Subjects
Inclusion Criteria

Subjects aged between 7 and 16 who visited the
Department of radiology at the dental hospital were
included in this study. The selection criteria included
children with normal growth and development, no
serious illness, no trauma to the dental and hand-wrist
areas, nho congenital or acquired malformations of the
hand-wrist and dental regions, and no developmental
or hormonal disorders. This study included radiographs
taken on the same day and at the same intensity and
distance.

Exclusion Criteria

The radiographs that were unclear, not in the proper
position, and that had shape anomalies were excluded.
When the left side was unsuitable for assessment,
the radiographs were excluded. The radiographs
without artifacts were evaluated. A total of 1296 digital
radiographs of 648 children (383 girls and 265 boys) were
evaluated after excluding the radiographs with artifacts.

Study Design and Procedures

Thisstudywas conductedretrospectively.Radiographs
taken between January 01, 2011 and December 31, 2018
were gathered. It was evaluated by a physician between
January 24, 2020 and March 10, 2020. The radiographs
were randomly chosen from patients attending the
dental hospital. All the radiographs were evaluated
by an observer who did not know the children’s CA.
The ages of children were masked during the process
of assessment. After this assessment, each child’'s CA
on the date of the digital radiograph examination was
calculated from the date of birth by another researcher.
The radiographs were divided into groups according
to age and gender. The apex developmental stages of
the permanent canines and first molars were taken into
account when dividing into the age groups 7-11, 12-14,
and 15-16 years.
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The skeletal maturation stage of each hand-wrist
radiograph was determined according to the FM. A
conventional radiograph of the left hand was rated for
each subject by an observer, assigned according to the
standards, and the average of the ratings was used as the
hand-wrist maturation stage.

Dental age estimation was performed according
to the WM: seven left mandibular permanent teeth
were evaluated and determined according to their
developmental stages, and the adapted maturity scores
of seven teeth were added to directly obtain the dental
age. This was converted into a dental age using published
conversion charts for the method.

Radiographs of the upper (UCNM) and lower permanent
left canine (LCNM), upper left first molar (UMNM), and
lower left first molar (LMNM) were also assessed for dental
age according to Nolla’s calcification stages.

Ethics

Ethical approval for this study was obtained from the
izmir Democracy University Non-Interventional Clinical
Research Ethics Committee (decision number: 2019/04-
06, date: 09.12.2019). There was full accordance with
ethical principles including those of the World Medical
Association’s Declaration of Helsinki as revised in 2013.
Radiographs taken for treatment were used in this study
and weren't taken for research purposes.

Statistical Analysis

Statistical analysis was reported by another
researcher who did not evaluate the age determination.
Data were analyzed using SPSS 18 (SPSS Inc., Chicago,
IL, USA). Statistical significance was set at p<0.05. All
analyses were performed with a 95% confidence interval.
The mean, standard deviation, and standard error for
all the groups were calculated, and all analyses were
done for boys and girls separately. Since the assumption
of the distribution’s normality is severely violated for
each method according to the Shapiro-Wilk normality
test and distribution graphs, for testing the relationship
between CA and all methods, Spearman’s rank-order
correlation coefficients were computed, and for testing
the mean differences between CA and all methods, non-
parametric tests were used. The differences between
the groups were determined by the Mann-Whitney U
test in the age variables. The Friedman test was used to
evaluate the differences between the mean values of
the chronological, skeletal, and dental ages as assessed
by skeletal maturation, the first molar, and the canine
calcification stages.
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RESULTS

The subjects ranged in age from 7 to 16 years
with a mean age of 13.06%1.65 years (13.29%1.60 for
boys; 12.90%1.67 for girls). The gender and mean age
distributions of the children are presented in Table 1.

UMNM and LMNM were not implemented in the
children aged between 12 and 16, as they already had
mature teeth that could not be used to predict age by
assessing the calcification stage. The children aged 12-
14 years were categorized into a separate group due to
their ongoing canine maturation. The older age group
comprised only children aged 15-16 years with delayed
teeth.

Correlation Between CA and Age Estimation
Methods

Each method showed a different outcome for each
gender and age group. There was a correlation between
chronological and canine dental ages in both boys and
girls aged between 7 and 14 (Table 2).

Seven-elevenyears: There were statistically significant
correlations of the LCNM, the UCNM, the LMNM, the
UMNM, and the WM with CA for boys. In the girls, there
were statistically significant correlations between the
LCNM, the UCNM, the WM with CA (Table 2).

Twelve-fourteen years: The LCNM, the UCNM, and
the WM were statistically significant correlated with
CA in both boys and girls (Table 2). FM was statistically
significant correlated with CA in girls.

Fifteen-sixteen years: Using all three methods, there
were no statistically significant correlations for either
boys or girls (Table 2).

Mean Age Differences Between CA and Different
Age Estimation Methods

Seven-eleven years: There were no statistically
significant mean age differences between CA and the
UCNM in both the boys (0.144) and the girls (0.426).
There were no statistically significant mean age
differences between CA and the WM in the boys (0.782)
and the girls (0.352). There were statistically significant
mean age differences in both genders between CA and
FM, and between CA and the LCNM, the UMNM, the
LMNM (Table 3).

Twelve-fourteen years: There was no statistically
significant mean age difference between the UCNM and
CA in boys (0.192). There were statistically significant
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Table 1. Gender and mean age distributions of children

Gender (Age) A B C D E F G

Mean 10.52 12.03 9.24 9.97 10.00 10.06 10.56
Boys (7-11)

SD 0.83 0.85 1.96 2.45 1.41 1.24 175

Mean 10.59 11.04 9.89 10.38 9.63 9.65 10.43
Girls (7-11)

SD 0.64 0.87 1.79 2.18 0.72 0.69 129

Mean 10.57 11.36 9.68 10.25 9.75 9.78 10.48
Total (7-11)

SD 0.70 0.98 1.86 2.27 1.02 0.92 1.45

Mean 13.07 12.63 11.67 13.26 - - 12.56
Boys (12-14)

SD 0.78 1.28 1.54 1.97 - - 1.51

Mean 12.85 12.45 11.47 12.26 - - 12.34
Girls (12-14)

SD 0.74 1.82 0.97 1.35 - - 1.42

Mean 12.14 12.52 11.55 12.67 - - 12.43
Total (12-14)

SD 0.77 1.63 1.24 1.70 - - 1.46

Mean 15.32 13.91 12.57 14.38 - - 13.88
Boys (15-16)

SD 0.46 2.04 1.02 1.28 - - 1.23

Mean 15.56 15.10 11.97 12.97 - - 14.27
Girls (15-16)

SD 0.46 2.04 1.02 1.28 - - 1.23

Mean 15.44 14.52 12.26 13.66 - - 14.08
Total (15-16)

SD 0.49 211 0.78 114 - - 1.14

Mean 13.29 12.87 11.58 13.11 10.78 10.79 12.63
Boy total (7-16)

SD 1.60 1.59 1.78 2.30 0.70 0.65 1.77

Mean 12.90 12.65 11.25 12.35 9.91 9.91 12.32
Girl total (7-16)

SD 1.67 214 130 6.43 0.37 0.37 1.77

Mean 13.06 12.74 11.39 12.66 10.27 10.27 12.45
Total (7-16)

SD 1.65 1.93 1.52 5.16 0.68 0.67 1.78

A: Chronological age, B: Skeletal age by the Fishman method, C: Lower canine age (Nolla method), D: Upper canine age (Nolla method), E: Lower first

molar age (Nolla method), F: Upper first molar age (Nolla method), G: Age determined by Willems method, SD: Standard deviation

Table 2. Correlation between chronological age and age estimation methods

A B C D E F G
Gender
Sro*/p** | Sro/p Sro/p Sro/p Sro/p Sro/p Sro/p
7-1 0.149/0.407 0.503/0.003 0.462/0.007** 0.640/0.000**- 0.688/0.000** | 0.542/0.001
Boys | A [12-14 |1 0.143/0.073 0.295/0.000** | 0.274/0.000** - 0.319/0.000**
15-16 0.197/0.122 0.020/0.876 0.68/0.597 i - 0.204/0.108
7-1 0.120/0.321 0.466/0.000** | 0.483/0.000** | 0.209/0.080 0.218/0.068 0.442/0.000**
Girls | A | 12-14 |1 0.361/0.000** | 0.256/0.000** | 0.246/0.000** | - - 0.316/0.000**
15-16 0.113/0.365 0.200/0.108 0.200/0.108 - - 0.138/0.268

*Sro: Spearman’s rank-order correlation coefficients, **p: p<0.05 (significant), A: Chronological age, B: Skeletal age by the Fishman method, C: Lower
Canine age (Nolla method), D: Upper canine age (Nolla method), E: Lower first molar age (Nolla method), F: Upper first molar age (Nolla method), G: Age

determined by Willems method
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Table 3. Significant values (p*) for differences between means of CA and age estimation methods

Gender A-B A-C A-D A-E A-F A-G

Boys (7-11) 0.000 0.000 0.144 0.007 0.007 0.782

Girls (7-11) 0.001 0.000 0.426 0.000 0.000 0.352

Boys (12-14) 0.000 0.000 0.192 0.000 0.000 0.000

Girls (12-14) 0.000 0.000 0.000 0.000 0.000 0.000

Boys (15-16) 0.000 0.000 0.000 = = 0.000

Girls (15-16) 0.745 0.000 0.000 - - 0.000

*p<0.05 (There is a statistically significant difference between means), A: Chronological age, B: Skeletal age by the Fishman method, C: Lower canine
age (Nolla method), D: Upper canine age (Nolla method), E: Lower first molar age (Nolla method), F: Upper first molar age (Nolla method), G: Age
determined by Willems method

mean age differences between CA and the other methods
(Table 3).

Fifteen-sixteen years: There were statistically
significant mean age differences between CA and the
other methods (Table 3). There was no statistically
significant mean age difference between CA and the FM
in girls (0.745).

DISCUSSION

Three different age estimation methods for
Mediterranean children with a wide range of ages were
evaluated in this study using two different statistical
approaches. The results obtained with the three age
estimation methods for different age groups varied.

Skeletal age did not show a high correlation with
CA in all age groups in either boys or girls in this study.
Mohammed et al.®) reported that there was significant
correlation between skeletal age and CA for boys and
girls, and, that skeletal age evaluation using the FM could
be used as an alternative method for the assessment
of mean age. There was only a correlation between CA
and skeletal age evaluated by the FM in girls aged 12-14
years in this study. Patil et al.” study also reported little
correlation between CA and skeletal age evaluated by
FM. Ramos et al.®), who found weak correlation between
CA and skeletal. Alkhal, who showed a weak correlation
between CA and the FM, and stated that skeletal age
was not suitable to estimate CA.® Other studies have
reported that the FM was suitable to predict CA children
in Yemeni' and in Bogotanian.™ Safer et al." also
stated that FM could be recommended to estimate
CA. Although a significant correlation between CA and
skeletal age has been reported, it was stated that there
was a significantly lower age estimation with FM in
another study®. Kiran etal.”, also reported that there was
a significant difference between estimation of skeletal
age with FM and estimated CA. The assessment of hand-
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wrist radiographs for accurate age estimation has been
questioned. The research supported by Fishman®, who
devised the method and also reported a significant
difference between mean CA and skeletal age. The FM
could be said to be the most appropriate method for CA
only in girls aged 15-16, in this study.

The NM and the WM correlated with CA in the
Mediterranean children in this study. However, there was
no correlation between CA and any of the three methods
in children aged 15-16 years. There was a correlation
between the UCNM and CA and between the LCNM and
CA both in the girls and in the boys aged 7-14 years in
this study. These results are in line with those of Kiran
et al.” and Al-Balbeesi et al.™, showing that the dental
development of canines increases with CA. In this study;,
CA and both UMNM and LMNM were correlated only in
boys aged 7-11.

The WM results were correlated to CA and had
similar age estimations in both boys and girls aged
7-11, and there were fewer age estimation differences
between the WM results and CA for East Mediterranean
children compared to other methods in this study. It was
reported that their research results were used for dental
age estimation in Belgian individuals and were validated
in that population but would not be valid in other
populations because of dissimilar dental development
in various populations”. Other studies have reported
that the Willems dental maturity scale was the most
accurate method for estimating age'™ and had more
accurate age estimations than other methods." Esan et
al.'® found that the Demirjian method overestimated
CA compared to WM in either gender. For children
from North Macedonia, Ambarkova et al."” found that
Demirjian's method was unsuitable and that the WM
showed the most accurate age estimation. In a study in
the same region as our study, Ozveren and Serindere!®
reported that the WM had the most accurate outcome



for both genders in all age groups. Moreover, Akkaya et
al." reported that the WM could be suggested for CA
estimation of Turkish children in forensic practice. Turhal
et al.?? also recommended WM for Turkish children of
both genders.

Kiran et al” found no significant difference
between CA and dental age when the NM was used to
estimate age and stated that the reason why the NM
age estimation was closer to the CA for children was
probably due to pubertal growth changes. Cortes et
al.?" reported that the NM could be used for estimating
CA in children of Spanish origin. However, the NM age
estimation was not found to be accurate for children
of Southern India®?, and Singh et al.??, reported similar
findings. A study on children in North India found that
the permanent mandibular second molar was suitable
for age estimation?. Khanal et al.?* found that there
was a delayed tooth age in the NM compared to the CA
in their research on age estimation for children aged 5-15
in Nepal. However, UCNM predicted a similar age to CA
in both boys and girls aged 7-11 in this study and was also
the most effective method for similar age estimation to
CAin boys aged 12-14.

Guler etal.” reported that the skeletal age estimation
method gave more accurate results than the dental age
method in children of both sexes in their study using
different age estimation methods (Cameriere’'s method).

Study Limitations

Estimation of CA only by calculating canine
calcification stages on radiographs could be sufficient
for children and adolescents. However, this study's
limitation was the lack of sufficient sample size for the
children of all Mediterranean countries for dental age
estimation.

CONCLUSION

The UCNM and the WM were more accurate
estimation methods for CA compared to other methods,
which is in agreement with previous research. The WM
predicted a similar age to CA in both boys and girls
aged 7-11. There were both correlations and similar age
estimations to CA with the WM in this age group. The
UCNM predicted a similar age estimation to CA in girls
aged 7-11 and in boys aged 7-14.

The NM-assessed canine calcification stages on
radiographs have the advantage of using a low radiation
dose. The estimation of CA by only canine calcification
stages on radiographs is easier and cheaper than hand-
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wrist radiographs. Furthermore, the equipment required
are often present in dental clinics.

The NM and the WM could be used for forensic
procedures in the Mediterranean region.

* The permanent canine maturation stages by NM
could be used to estimation of CA.

* WMs could be used to estimation of CA children in
the Mediterranean region.

* The permanent first molar maturation stages by NM
could not be a suitable method for estimation of CA.
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ABSTRACT

Objective: Firearm injuries (Fls) hold a significant place among childhood deaths. Our study aims to raise
awareness about preventable Fls by discussing deaths due to Fls in children in the light of relevant national and
international studies.

Method: The autopsy files of the cases under the age of 18 due to Fls occured between January 2011 and December
2021 were investigated. Sociodemographic data of the cases, location of the incident, injury site, cause of death,
number of shots, shooting distance, type of the firearms used, the owner of the weapon, and the identity of the
perpetrator were evaluated.

Results: The study population consisted of 12 (80.0%) male, and 3 (20.0%) female pediatric cases with a mean age
of 13.1#5.4 years (median age: 15.0 years). The most common cause of the death was homicide (n=6, 40.0%), and
the most frequently used type of firearm was a shotgun. Fls most commonly happened at home (n=8, 53.3%), and
most frequently victims died of brain hemorrhage and brain tissue damage (n=11, 31.4%). The firearms used in the
incidents mostly belonged to the fathers of the deceased children (n=10, 66.6%).

Conclusion: There is a need to develop multidimensional strategies, including financial support, targeting all
segments of society to reduce the number of deaths due to firearms. Additionally, we believe that strict measures
to control access to firearms and awareness training to prevent violence will reduce the rates of mortality due to
Fls.

Keywords: Autopsy, childhood, firearm, firearm fatalities
0z
Amag: Atesli silahlar cocukluk ¢agi 6lumleri arasinda dnemli bir yere sahiptir. Calismamizda, pediatrik grupta atesli

silah 6limlerini uluslararasi ve ulusal literattirdeki benzer calismalar 1siginda tartisarak énlenebilir olan atesli silah
olimleri konusunda farkindaligr artirmak amaglanmaktadir.

Yéntem: Ocak 2011 ile Aralik 2021 tarihleri arasinda 18 yas alti atesli silah yaralanmasi nedeniyle otopsisi yapilan
olgularin dosyalari incelenmistir. Olgularin sosyodemografik verileri, olayin meydana geldigi yer, yaralanma
bélgesi, 6lim nedeni, atis sayisi, atis mesafesi, atesli silah tird, silahin ait oldugu kisi, failin kimligi gibi bilgiler
degerlendirilmistir.

Bulgular: Calisma grubunu olusturanlarin %80'i (n=12) erkek, geri kalani (n=3) kiz gocuktu. Olgularin yas ortalamasi
13,1£5,4, medyani 15,0 idi. Olay orijini en sik (n=6, %40,0) cinayet, en sik kullanilan atesli silah turt av tifegi idi.
En sik olay yeri ev (n=8, %53,3) idi. En sik (n=11, %31,4) 6lim nedeni beyin kanamasi ve beyin doku harabiyeti idi.
Olayda kullanilan atesli silah cogunlukla (n=10, %66,6) len cocugun babasina ait idi.

Sonug: Atesli silahlara bagli 6limleri azaltmak adina toplumun her kesimini hedefleyen finansal destegi iceren cok
boyutlu stratejilerin gelistirilmesine ihtiya¢ vardir. Ayrica atesli silahlara erisim noktasinda alinacak siki tedbirler
ve siddetin 6nlenmesine yonelik verilecek bilinglendirme egitimlerinin, atesli silahlara bagli 6limleri azaltacagina
inanmaktayiz.

Anahtar kelimeler: Otopsi, pediatrik yas grubu, atesli silah, atesli silah 6lumleri
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INTRODUCTION

Deaths due to firearm injuries (Fls) are among
increasingly significant public health problems. It is
noted that in 2019 alone, more than 250,000 people
worldwide lost their lives due to Fls, and homicides
accounted approximately 71% of these deaths®?.
According to Centers for Disease Control and Prevention,
firearm-related homicides increased by 35% in 2020
compared to relevant 2019 data, reaching the highest
rate in the past 25 years®.

In the United States (US), 4.2% of children aged 0-17
years have witnessed a firearm incident™. Furthermore, in
2020, firearm-related deaths surpassed traffic accidents
to become the leading cause of death among children.
The incidence of firearm-related deaths continued to
increase in 2021 and did not return to pre-coronavirus
disease-19 pandemic levels®. Hatchimoniji et al.) based
on 2016 National Trauma Data Bank reports stated that
12% of the 45,288 individuals aged 0-19 years who were
injured by firearms between 2010 and 2016 died, with
the risk of death being higher at younger ages. According
to 2022 census data, 26.5% (22.578.378) of the total
population of our country is 0-17 years old. Population
projections indicate that the proportion of the child
population is in a declining trend over the years. In 2021,
the most common causes of death among those aged
5-17 years were external injuries and poisoning”. Zeybek
et al.® have shown that in the pediatric age group
suicides are committed mostly by hanging followed by
use of firearms.

Examinated from autopsy records
n=3093

v

Screening

Firearm-related deaths

=165 ¥

A
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n=15

Included

Figure 1. Flow chart
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Infant and child mortality rates are fundamental
health indicators that reflect the development level and
public health status of countries. Although there has
been a global decline in infant and child mortality rates,
preventable causes of death still rank high®. Determining
the epidemiological characteristics of child deaths will
guide the implementation of preventive measures.
Based on this fact, and in the light of data obtained from
relevant national and international studies, our study
aims to increase awareness about preventable firearm-
related deaths by discussing this issue in the pediatric
age group.

MATERIALS and METHODS
Study Design

This study was conducted in compliance with the
Declaration of Helsinki-Ethical Principles for Medical
Research Involving Human Participants and also the
Ankara University Human Research Ethics Committee’s
approval was obtained (approval number: 107-399-22,
date: 01.08.2022). This study is a retrospective analysis
of deaths due to Fls among individuals under the age of
18 years in Eskisehir (a province in the northwest part of
the Central Anatolia region of Turkey) between January
2011 and December 2021. The flow chart of our research
study is presented in Figure 1.

Statistical Analysis

The study data were collected using case forms
prepared by the researchers. The case forms inquired
sociodemographic data, the location of the incident,

Except for firearm-related death cases (n=2928)
Blunt traumatic deaths (n=1085)

Sudden natural deaths (n=859)

Hanging (n=482)

Poisoning (n=74)

Sharp force fatalities (n=63)

Others (n=365)

Excluded cases over 18

years old
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injury site, the cause of death, the number of shots, the
shooting distance, the type of firearms used, the owner
of the weapon, and the identity of the perpetrator.

Statistical Analysis

The statistical analysis was performed using the IBM
SPSS Statistics for Windows [version 20.0 (IBM Inc,,
Chicago/IL/USA)]. Measured variables are presented
as mean * standard deviation, median, minimum, and
maximum values, while categorical data are expressed
as numbers (n) and percentages (%).

RESULTS

During the study period, 5.3% (n=165) of the 3,093
forensic deaths were due to Fls. Among those who
underwent autopsies due to firearm-related deaths, 9.1%
(n=15) were between 0-18 years old. The study population
consisted of 12 (80.0%) male and 3 (20.0%) female cases
with a mean age of 13.1t5.4 years (age range: 1-18 years;
median age: 15.0 years; interquartile range; 13-16 years).

Homicide was the most common cause of the death
(n=6, 40.0%), and shotgun was the most frequently used
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firearm. Victim’s home was the most frequently detected
crime scene (n=8, 53.3%). The deceased cases who
underwent autopsy due to Fls, had (n=10, 66.7%) or had
not (n=5, 33.3%) received medical treatment. The most
frequent cause of death (n=11, 31.4%) was intracranial
bleeding and cerebral parenchymal injury. The firearm
used in the incident mostly belonged to the father of the
deceased child (n=10, 66.6%). It is noteworthy that the
fathers of 2 children who committed suicide were police
officers. Demographic and clinical data of the cases are
given in Table 1.

The postmortem toxicological examination of the
cases could not reveal the suicidal use of sedative,
narcotic, or stimulant substances.

DISCUSSION

FIs hold a significant place among childhood
deaths both in our country and worldwide. In the
US, the incidence rate of firearm-related deaths in
children increased by 5.8% from 2018 to 2021®. A study
conducted in South Africa investigated firearm-related
deaths, and found that 1.1% of the deceased cases were

Table 1. Demographic and clinical findings of the cases

Age
Case (ygear) / Crime | Site of Cause of :fu mber Origin of Range of | Types of | Owner of Killer
number scene | injury death death fire firearms | firearm
Sex GSEW
1 15/F Home | Head ICBand CPI |1 Suicide Adjacent | Handgun | Father Own
2 4/M Home | Chest L%?QB and 1 Unintentional | Adjacent | Shotgun | Father Brother
3 9/M Home | Head ICBand CPI |1 Unintentional | Close Shotgun | Father Brother
4 18/M Street Chest, IODIB 6 Homicide Distant Shotgun | Foe Foe
abdomen
Head, chest, | ICB and CPI - .
5 14/M Street abdomen and 1ODIB 3 Homicide Distant Shotgun | Foe Foe
6 15/F Home | Head ICBand CPI |1 Suicide Adjacent | Shotgun | Father Own
Neck, chest, | IODIB and .. . Girlfriend's | Girlfriend's
7 16/M Forest extremity VDIB 4 Homicide Distant Shotgun brother brother
18/M Home | Head ICBand CPI |1 Homicide Distant Handgun | Cousin Cousin
16/M Forest | Head ICBand CPI |1 Unintentional | Close Shotgun | Father Father
10 17/M Home | Head ICBand CPI |1 Suicide Adjacent | Handgun | Father Own
Chest, IODIB and . . .
1 18/M Forest abdormen VDIB 1 Unintentional | Distant Shotgun | Father Father
12 1/M Land Head ICBand CPI |1 Homicide Adjacent | Handgun | Father Father
13 13/M Street | Head ICBand CPI |1 Homicide Distant Shotgun | Stranger Stranger
14 16/F Home | Head ICBand CPI |1 Suicide Adjacent | Handgun | Father Own
15 7/M Home | Head ICBand CPI |1 Unintentional | Close Handgun | Father Brother

internal bleeding, VDIB: Vascular damage with internal bleeding

F: Female, M: Male, GSEW: Gunshot entrance wound, ICB: Intracranial bleeding, CPI: Cerebral parenchymal injury, IODIB: Internal organ damage with
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under the age of 15/9, Amiri et al."’, conducted a study
in Teheran, and reported the rate of firearm-related
deaths as 32.5% among individuals under the age of
20. In a study performed in Diyarbakir province the
researchers reported that 34.7% of autopsies conducted
between 2014 and 2018 were related to Fls, and 5.8% of
these cases autopsies had been performed in children®?.
A study conducted in Mugla province indicated that
pediatric cases consisted of 59% of firearm-related
deaths™. Aydin and Yavuz* reported a firearm-related
mortality rate of 6.07% among individuals under the
age of 18. In our study, this mortality rate was 9.1%.
As is the case in the rest of the world, firearm-related
death rates vary across different regions of our country
which are related to the factors such as the approach to
violence intervention, access to firearms, socioeconomic
inequalities, geographical and cultural differences®™.

Based on the data obtained from national and
international studies evaluating Fls or deaths in
childhood, male children consistuted majority of these
cases. In a study by Aydin and Yavuz™, and a study
conducted in Konya", and that performed by Com and
Gumus™, male children comprised of 69.3%, 68.0%, and
64.2% of the cases injuried or killed by firearms. In the
study by Woodruff et al."®76.7% of the cases aged 14 and
under who were injuried or killed by firearms between
2005 and 2013 were male victims. In the study by
Murhega et al."” conducted in the Democratic Republic
of Congo, this incidence rate was found to be 63.4%. In
as US study, Bayouth et al."® revealed that male children
consisted of 86.4% of pediatric cases over 20 years of
age who were injuried or killed by firearms. Consistent
with the literature, the majority of cases (80.0%) in our
study were male victims. This phenomenon has been
attributed to the curiosity of boys towards dangerous
activities™.

In the US, considering firearm-related homicides
in terms of racial and ethnic groups, the highest death
rate is among African Americans. From 2012 to 2014, the
annual firearm fatality rate among African American
children was approximately twice that of American
Indian children and four times that of Hispanic children®.,
Ekinci et al.™ evaluated firearm-related mortality rates
in Mugla province, and reported that 1.6% of the cases
were of foreign nationality, and half of these cases were
part of the resident population.In our study, only 1(6.6%)
resident was a person of foreign nationality while the
others (93.3%) were Turkish citizens. The case involving a
16-year-old of Syrian nationality was a homicide victim.
According to current data, in Eskisehir, where children
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constitute 21.0% of the total population, 7.617 foreigners
had residence permits”'?. Considering that the foreigners
with residence permits in Eskisehir constitute 0.84% of
the total population, which is below the national average
of 1.55%1929 the proportion of foreign children in our
study is at an expected level.

It has been reported that the firearm-related death
rate is higher among children aged 13 and over compared
to younger children (0-12 years). This discrepancy in
death rates is particularly more pronounced in cases of
homicide and suicide™. In our study, the rate of homicide
in the 13-18 age group was five times higher compared
to the 0-12 age group, and suicidal attempts were not
observed at all in the 0-12 age group. The lower rate of
suicides before adolescence is explained by the rarity of
depression and substance abuse in the pre-adolescent
age group?. In our study, all cases of suicide were aged
15and above including 1 case with a history of psychiatric
illness and substance abuse. While the presence of
underlying psychiatric illness in the adolescent age
group poses a significant risk for committing suicide,
even in the absence of underlying psychiatric illnesses,
behavioral components such as age-related impulsivity,
environmental factors, and cognitive immaturity or
faulty judgment can play an important role in creating a
foundation for suicide. In our study, 2 cases committed
suicide due to the deterioration of their romantic
relationships with their boyfriends, and 1 case who was
previously very successful student committed suicide
due to a significant decline in academic performance.
Family disputes, stress, romantic relationship issues,
unrequited love, academic failure, and lack of attention
can lead to adolescent crises that may result in suicide.
Use of firearms is particularly notable among the
methods of suicide in the 15-18 age group/>?2. Access to
firearms is cited as an environmental risk factor in cases
of suicide or accidents™?), As is the case in our study;,
implementation of comprehensive prevention strategies
aiming to identify relevant risk factors in health and
social services should be considered so as to reduce the
risk of suicide among all children, especially those in the
late adolescent group.

Wilson et al.?¥, indicated that nearly 75% of the
perpetrators were the victim's sibling, friend, or
acquaintance, and in approximately 30% of the cases,
other children witnessed the fatal incident. In our study,
3 cases were unintentionally killed by their siblings,
and 2 children were accidentally killed by their fathers.
The literature indicates that children who are directly
or indirectly exposed to firearm violence experience



a worsening of their mental health problems, with
frequently observed symptoms of post-traumatic stress,
anxiety, and depression®). Therefore, the importance of
providing mental health support to children who witness
firearm violence is emphasized as a preventive measure
in medical practice?. However, we believe that it is not
solely sufficient to support the emotional well-being of
children who are exposed to or witness firearm violence.
As indicated in our study, psychological rehabilitation
should also be provided to children who unintentionally
killed their siblings and to parents who unintentionally
killed their children. This is essential for alleviating their
suffering and for the recovery of their mental health
state.

A study conducted in the US on firearm-related
deaths among children aged 5-14 reported a statistically
positive association between access to firearm and
suicide. It was revealed that in states where firearms
are more prevalently available, children are seven times
more likely to use firearms and twice as likely to die by
suicide®. A study evaluating firearm-related deaths in
our country between 2013 and 2020, revealed that 93.3%
of the firearm-related deaths among child were due to
accidents and suicidal attempts™. Demirci et al."® found
that 40% of the these fatalities were due to suicide, and
34% of them were unintentional. In the study by Com
and Gumis"?, suicide was the leading cause of death
(31.3%), followed by homicide (16.4%). In the study by
Aydin and Yavuz!®, homicide was the most common
cause (32.5%), followed by suicide (29.8%).In our studly,
the distribution of the firearm-related deaths was
relatively close i.e. 6 homicides, 5 unintentional deaths,
and 4 suicides. All the unintentionally killed victims were
male children. While 3 children were unintentionally
killed when their siblings pulled the trigger while playing
with a firearm. In the US, from 2003 to 2021, the most
common scenario (66.6%) in unintentional pediatric
firearm deaths involved children playing with or showing
the firearm to someone else when it was discharged®.
Purchasing realistic toy guns for boys, especially with
the advancement of technology, can cause them to
perceive all guns, whether real or toy, as playthings.
The frequent use of guns in children’s games or their
enthusiasm for activities involving guns can inevitably
lead to unintentional cases of Fls or deaths. Additionally,
two children were unintentionally killed by their fathers
while hunting wild boars. The practice of parents taking
their children along on hunting trips is an important
detail that invites unintentional deaths and warrants
careful consideration. Both domestic and international
studies evaluating firearm-related death cases, reported
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that male victims constituted the majority of homicide
cases*!*1. In our study, the fact that all homicide cases
were male is consistent with the relevant literature data.

Keeping firearms at the home is a risk factor for
Fls, especially among the pediatric age group®. Most
unintentional firearm-related deaths in childhood occur
at home®*. Studies investigating firearm-related deaths
in the pediatric age group in our country, have revealed
that most incidents occur at home'', In our study, the
fact that most incidents involving firearms, including all
suicide cases, occurred in the deceased child’s home is
consistent with the literature data.

According to data from the National Violent Death
Reporting System in the US, in 44.6% of unintentional
FI deaths among children, the firearms used belonged
to the perpetrator's parents??. Faulkenberry and
Schaechter?”, reported that in 32% of the cases
where the firearm owner was identified, the firearm
belonged to the father of the victim. Similarly, a study
examining child deaths due to Fls in Konya province
found that the firearm predominantly belonged to the
child’s father or his/her relatives (60%)". In our studly,
consistent with the literature data, the firearm used in
the incidents frequently belonged to the father. A study
on children presenting to the emergency department
due to Fls reported that a family member or a known
individual most often shot children. In their study,
Faulkenberry and Schaechter®” found that 84.3% of the
cases committed suicide, or killed by a family member,
a relative, or a friend. Similarly, in our study, all incidents
except for one were committed by the individual
themselves, a family member, or someone they knew.
As is seen, the inability to prevent access to firearms
can result in tragic deaths. This suggestion would also
highlight the issue of parental neglect in pediatric cases
of firearm-related injuries or deaths.

Relevant nationaland international literature indicate
that in cases when a firearm is fired with suicidal intent,
shooting is mostly done from adjacent or nearly close-
range, whereas in homicide cases, the firearms are fired
from a long distance™?22), In our study, consistent with
the literature data, all suicidal gunshot wounds were
caused by adjacent-range shots, whereas the majority of
homicide wounds were caused by distant-range shots.
The only homicide case involving a adjacent-range shot
was a l-year-old boy who was killed by his father in a fit
of rage using a handgun.

In their study on firearm-related deaths, Ekinci et
al.”® found that most cases of firearm-related suicides
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and unintentional deaths had a single-entry wound,
while most cases of homicide cases had multiple-entry
wounds. A study examining firearm-related child deaths
in izmir and its surroundings, indicated that all firearm-
related suicide and unintentional cases had a single-
entry wound, whereas more than half of the homicide
cases had a single-entry wound™. The results of our
study are consistent with the findings of relevant studies.

Studies on Fls in the US report that the origin of the
incident affects the fatality rates at the scene. In firearm-
related cases of suicide, medical intervention after the
injury is often limited®®. Mortality rates are higher in
cases of gunshot wounds in the head. A study conducted
in the US found that 76% of patients with Fls on the head
died at the crime scene, and 61% of those who were
hospitalized lost their lives®). Beaman et al.?? found that
77.3% of completed suicides had gunshot wounds on the
head and these wounds are approximately 2.5 times more
fatal than those on the other parts of the body. Another
study conducted in the US reported a mortality rate of
39% for Fls in the head and neck®). Approximately 75%
of all cases in our study, and all suicide-related cases had
FIs on the head. Only one of the suicide cases received
medical treatment after the Fl. The higher fatality rate
of head injuries may influence the preference of this
region in suicide attempts. It has been reported that
hospital admissions for unintentional Fls are at a higher
rate compared to suicides®. Contrary to the literature,
we found that 80% of unintentional cases in our study
died at the crime scene without receiving medical
intervention. This discrepancy is likely due to our study
population consisting solely of fatal cases. Therefore, the
exclusion of cases with non-fatal unintentional Fls from
the study may explain this discrepancy.

The types of firearms used in pediatric firearm-
related deaths vary in national and international studies.
In their study on firearm-related deaths among children,
Roberts et al.*® reported that the most commonly used
type of firearm in all cases was a handgun, while in the
13-18 age group, the most frequently used firearm was a
shotgun. Another study conducted in the US, reported
that handguns were the most commonly used type of
firearm®. In studies examining firearm-related deaths
in our country, Demirci et al."¥, and Aydin and Yavuz™
found that shotguns were used in 66%, and 65.8% of
these cases, respectively. While Com and Gimus™
indicated handguns were used in 49.2% of their cases.
In our study, the most frequently used type of firearm
was a shotgun, while 75% of the suicide cases handguns
were used. The most frequent use of shotguns in
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childhood firearm-related deaths can be explained by
the difficulties in concealing shotguns due to their larger
size compared to handguns and the common preference
for shotguns in rural areas™™. As in our study, the
frequent use of handguns in suicide cases may be due to
the ease of carrying handguns. Additionally, considering
that the fathers of two of our suicide cases were police
officers, the failure of law enforcement personnel to
adequately secure their firearms at home can lead to
fatal consequences.

In our study, use of any sedative, narcotic, or stimulant
substances could not be revealed during postmortem
toxicologicalanalyses of any cases. However, toxicological
examinations should still be performed in cases of
mortality due to Fls. This approach helps to determine
whether the victim received a sedative or narcotic
substance that could have weakened their bodily
resistance before the incident or whether they were
poisoned by a substance that might have contributed to
their death.

Study Limitations

This single-centered study conducted with a limited
number of cases makes it difficult to generalize our
findings. However, the data obtained from our study
can guide new studies conducted with larger sample
sizes that include survived cases exposed to Fls. One
of the limitations of the study is the lack of data on
the socioeconomic status of the cases. Since this a
retrospective study, the psychiatric history of the suicide
cases prior to the suicide attempts was obtained from
the statements of their relatives so detailed psychiatric
data of the cases could not be presented.

CONCLUSION

The information obtained from this study may
promote the researchers to acquire larger data sets,
enabling the identification of relevant epidemiological
trends. Establishing a systematic firearm data
infrastructure to collect relevant data and identify risk
factors could play a crucial role in preventing firearm
violence targeting the pediatric population.

Since it is known that low socioeconomic status
and high poverty levels increase firearm-related death
rates®”, there is a need to develop multidimensional
strategies, including financial support targeting all
segments of society to reduce firearm-related deaths.

We also believe that strict measures to control access
to firearms and awareness training to prevent violence



will reduce firearm-related deaths. The pediatric age
group often closely engaged in watching television, the
internet, and playing computer games. In this context,
since some television shows, movies, social media posts,
or computer games may display incidents of firearm
violence, we recommend that parents restrict the time
passed by their children in front of television, social
media, and computers. Furthermore, to prevent easy
access to firearms by children, we believe that firearms
should be stored securely with safety measures, and
should be kept in a gun safe separate from ammunition
or in a lockable gun case with a firearm lock.
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Use of Intraosseous Access in the Pediatric Emergency Department:

A Single Center Experience

Pediatrik Acil Serviste intraosseéz Erisim Kullanimi: Tek Merkez Deneyimi

@ Giilsen Yalcin!, ® Ozlem Ozdemir Balci2, ® Aysel Baser3, ® Murat Anill

lizmir Democracy University, Buca Seyfi Demirsoy Training and Research Hospital, Department of Pediatrics, Division of Pediatric Emergency
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2'izmir Democracy University, Buca Seyfi Demirsoy Training and Research Hospital, Department of Pediatrics, izmir, Turkey
3Izmir Democracy University, Buca Seyfi Demirsoy Training and Research Hospital, Department of Medical Education, lzmir, Turkey

ABSTRACT

Objective: We aimed to compare the efficacy of a battery-powered drill [EZ-intraosseous (IO)] with that of
18-gauge intravenous cannula (18GIVC) needle used for 10 access in infants.

Method: This prospective observational study was conducted in the pediatric emergency department between
April 1, 2019, and November 3, 2020. Since limited number of EZ-IO needles were available, the first IO accesses
were made with 18GIVC needles in all infants. In cases where 10 access with 18GIVC failed at the first attempt,
the second attempt was made with EZ-10 drill. The cases were divided into two groups: Group 1 (patients with 10
access with 18GIVC at first successful attempt) and Group 2 (patients with 10 access with EZ-10 drill at the second
successful attempt). The Mann-Whitney U test and Fisher's exact or chi-square tests were used for statistical
analysis, with level of statistical significance set at p<0.05.

Results: Forty six infants were included in the study. In 34 (79.9%) patients the first access with 18GIVC needles was
successful. Second attempt with EZ-10 drill was successful in the remaining 12 (26.1%) patients. The cases in Group
1 were younger than in Group 2 (p<0.001). All cases aged six months or younger were included in Group 1 (p<0.001).
The time required for 10 access with the EZ-IO drills was statistically significantly shorter compared to the that
required for 18GIVC (p<0.001). Extravasation was observed in 8 cases (22.2%) within Group 1.

Conclusions: Use of EZ-1O drills provides a quick, efficient, and dependable method for IO access in critically ill
infants. If resources are limited, the experienced user can use the 18GIVC hypodermic needle as a last resort for |O
access in critically ill infants younger than 6 months.

Keywords: Intraosseous access, EZ-10, 18-gauge needle, critically ill infant, resource limited situations

oz

Amag: Sut cocuklarinda intraossedz (10) erisim icin kullanilan pille calisan matkap (EZ-10) ile 18-gauge intravenoz
kanul (18GIVC) ignenin etkinligini karsilastirmayr amagladik.

Yontem: Bu prospektif gézlemsel galisma, 1 Nisan 2019 ile 3 Kasim 2020 tarihleri arasinda ¢ocuk acil servisinde
gerceklestirildi. EZ-10 igne sayisi sinirli oldugundan tiim bebeklerde ilk IO girisimi 18GIVC ile yapildt. itk denemede
18GIVC'nin basarisiz oldugu durumlarda ikinci deneme EZ-IO ile yapildi. Olgular iki gruba ayrildi: Grup 1 (ilk
basarili denemede 18GIVC ile 10 erisimi olan hastalar) ve Grup 2 (ikinci basarili denemede EZ-10 ile 1O erisimi
olan hastalar). istatistiksel analizlerde Mann-Whitney U testi ile Fisher's exact veya ki-kare testleri kullanilmis olup,
p<0,05 degeri istatistiksel anlamlilik siniri olarak kabul edilmistir.

Bulgular: Calismaya 46 cocuk dahil edildi. Bunlardan 34'tinde (%79,9) 18GIVC ile ilk erisim basarili oldu. Kalan 12
hastada (%26,1) EZ-10 ile ikinci deneme basarili oldu. Grup 1'deki olgular Grup 2'ye gére daha kugukti (p<0,001).
Yaslar <6 aylik kiglk olgularin tamami Grup 1'deydi (p<0,001). EZ-IO ile 10 erisim suresi 18GIVC'ye kiyasla
istatistiksel olarak daha kisaydi (p<0,001). Grup 1'de 8 olguda (%22,2) ekstravazasyon goruldu.

Sonug: EZ-10, kritik hasta bebeklerde 1O erisimi icin hizli, etkili ve guvenilir bir cihazdir. Kaynaklar sinirliysa
deneyimli kullanici, 6 aydan kiiglk kritik hasta bebeklerde 10 erisimi icin son ¢are olarak 18GIVC hipodermik
igneyi kullanabilir.

Anahtar kelimeler: intraosseous erisim, EZ-10, 18-gauge igne, kritik hasta cocugu, kaynaklarin sinirli oldugu
durumlar
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INTRODUCTION

Achievement of vascular access and administering
necessary fluids and drugs in critically ill children
convey vital importance. Intraosseous (IO) access
is recommended in critically ill patients in whom
vascular access is not possible or presumably cannot be
performed quickly”. In the bone marrow of long bones,
the medullar sinuses connect to the veins. Through
the 10, all fluids and drugs can be delivered into the
bloodstream by inserting the needle through the cortex
of a bone into the medullar space. Since these veins are
supported by bone matrix, they do not collapse in case
of hypoperfusion and shock. Proximal and distal tibia,
humerus, and femur are the most preferred regions,
and tuberosities around the tibia, proximal to the tibia,
are the most frequently used regions for 10 access in
children®3,

There are three types of IO needles: manual 10
needles (e.g., Jamshidi needle), spring-loaded devices
(e.g., Bone Injection Gun: BIG, WaisMed, Yokneam, Israel),
and battery-operated drills (e.g., Arrow® EZ-1O® System,
Teleflex, USA). All these devices have certain costs. The
most expensive one is the EZ-IO drill. In routine use,
hypodermic needles are not recommended as they
can be easily clogged®?*. Especially in some emergency
departments with Llimited financial resources, the
appropriate device for 1O intervention may not always
be at hand. According to our observations, those who
cannot afford to purchase standard 10 devices, those
who are not trained in the use of devices such as EZ-
IO drills, or those who think that hypodermic needles
are also an effective option, use the non-recommended
over-the-counter devices for |O access. As far as we
know, no studies in the literature have compared the
effectiveness of hypodermic needles with the EZ-10
device to be used for IO access The aim of this study
is to compare the efficacy of the 18-gauge intravenous
cannula (18GIVC) and the EZ-1O device for 10 access
in critically ill infants aged 1-12 months hospitalised
in pediatric emergency departments, focusing on 10
access time, success rates, and relevant complications,
to determine the most efficient and reliable method for
clinical use when peripheral venous access cannot be
established.

MATERIALS and METHODS
Study Design, Setting and Participants

This prospective observational study was conducted
in the pediatric emergency department of a tertiary care
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teaching and research hospital between 04.01.2019 and
11.30.2020. Children who presented between 08.00
and 17.00 on weekdays were included in the study.
All procedures were performed by the same pediatric
emergency specialist in order to achieve standardization
in the measurements and to minimize the limitations of
the study. A total of 3 physicians and 5 nurses were working
in each shift in the pediatric emergency department
where the study was conducted. Approximately 120,000
patients applied to the pediatric emergency department
during the study period.

In cases where peripheral vascular access could not
be established within 90 seconds or in 3 consecutive
attempts due to hemodynamic instability of the patient,
or in cases where the attending physician predicts that
the peripheral vascular access cannot be established, IO
intervention was performed in the pediatric emergency
department. Critically ill infants that required 1O
access and aged between 1-12 months were included
in the study. Patients with extremity trauma, history
of 10 intervention, and/or chronic bone disease were
excluded from the study (Figure 1).

10 Access and Definitions

10 access was achieved using two different methods:
manual IO access with a hypodermic needle (an 18GIVC)
andlOaccesswiththestandardEZ-10needle(EZ-IOPD15
GA15 mm) recommended for children weighing between
3 and 39 kg was performed on the left proximal tibia,
located 1 cm below and medial to the tibial tuberosity. If
the first attempt was 10 PD 15 GA 15 mm), recommended
for children weighing between 3 and 39 kg. In all cases,
the initial attempt was made with the 18GIVC. Due to the
limited supply of EZ-1O needles, the EZ-1O was used as
a secondary option when attempts with 18GIVC needles
were unsuccessful. All 10O interventions were performed
by the same pediatric emergency specialist. In all
patients, 10 access was performed on the proximal part
of the left tibia located 1 cm inferomedial to the tibial
tuberosity. If the first attempt was unsuccessful, the
second attempt was made in the corresponding area on
the right proximal tibia. Local analgesia was not applied
to any patient before the procedure. A nurse recorded
the 10 access time with a stopwatch in patients in whom
IO attempts were successfully achieved. 10 access
time was not recorded on failed attempts. Once all
necessary materials were prepared and the intervention
site was sterilized, a chronometer was started as soon
as the pediatric emergency specialist pricked the skin
with the needle tip. The procedure followed standard



protocols. The doctor indicated the completion of the
procedure by saying “OK” upon sensing the entry of the
needle tip into the bone marrow, noted by a sudden
reduction in resistance after passing through the bone
cortex, then the stopwatch was stopped. The duration
of this procedure was recorded as the 10 access time
in seconds. Successful 10 access was defined by stable
needle fixation and absence of extravasation following
bone marrow aspiration and/or fluid administration.
Emergency treatment and patient monitoring
proceeded according to standard procedures, and
the 1O access time was noted in minutes. Age, gender,
etiology of hemodynamic instability, Glasgow Coma
Scale (GCS) score on admission, type of 10 access (first

Study Flow Chart
Exclusion Criteria Inclusion Criteria

Exclusion due to lrauma, Children with 10 access
previous 10, chronic bone indication

disease A total of 59 patients considered

13 excluded due to age >12
months
Children aged 1-12 months 46
infants included in the study

Intraosseous Access and
Definitions
Left proximal tibia site, right if
fails
Time recorded by nurse for
successful 10 attempts

Successful 10: fixation, no
extravasation, fluid delivery
Divided into two groups for
comparison

Group 1: Successful first 10
with 18gIVC, n=34
First attempt always with
18giVe

Group 2: EZ-10, n=12 \

EZ-10 used if 18gIVc fails

Outcome data recorded: age,
complications, results

Figure 1. Study flow chart

|O: Intraosseous, 18GIVC: 18-Cauge intravenous cannula, EZ-10:
Battery-powered drill

Yalgin et al. Use of Intraosseous Access

successful attempt with 18GIVC or second successful
attempt with EZ-10), 10 access time (in seconds),
duration of 10 access (in minutes), complications, first
venous blood gas analysis results obtained in pediatric
emergency department, and patient’s outcomes (death
or discharged alive) were recorded.

The cases were divided into two groups and
compared: Group 1 (patients with 10 access using 18GIVC
at first successful attempt) and Group 2 (patients with
IO access using EZ-10 device at the second successful
attempt).

Statistical Analysis

The data were analyzed with the SPSS 21.00 statistical
package program (SPSS Inc®, Chicago, USA). Numerical
variables were expressed as medians with interquartile
ranges (IQRs), and categorical variables were presented
as frequencies and percentages. Comparisons between
Group 1 (successful first attempt using 18GIVC) and Group
2 (successful second attempt with EZ-10) were made.
Mann-Whitney U test was applied for numerical data
that did not follow a normal distribution. Categorical
variables were compared using the chi-square test or
Fisher's exact test, as appropriate. Statistical significance
was determined at a p-value of less than 0.05.

Ethical Considerations

The study was conducted in accordance with World
Medical Association Declaration of Helsinki. Ethical
principles for medical research involving human subjects,
and approved by the Health Sciences University Turkey,
Gazi Yasargil Training and Research Hospital Clinical
Research Ethics Committee (approval number: 633, date:
15.01.2021).

RESULTS

IO access was performed in a total of 59 patients
during the study period. Thirteen cases were excluded
from the study because they were older than 12 months.
Sixteen male and 30 female infants (median age: 6
months; IQR: 3-8; minimum: 1; maximum; 12;) were
included in the study. When Group 1(n=34) and Group 2
(n=12) were compared, patients in Group 1 were younger
than in Group 2 (5 months vs. 9 months; p<0.001). All
of the cases aged <6 months were in Group 1 (p<0.001)
There was no significant intergroup difference in terms of
the distribution of male and female infants (32.4% male
in Group 1 vs. 41.7% in Group 2, p=0.726). The median
GCS scores were similar between the two groups [10
(IQR 8-11) in Group 1vs. 11 (IQR 4-12) in Group 2, p=0.758].
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Considering the etiologies of hemodynamic pathologies
in patients, hypovolemic shock (n=31; 67.4%), cardiac
arrest (n=6;13%), respiratory failure (n=6:13%) and septic
shock (n=3; 6.5%) were detected in indicate number (%)
of patients. In 34 (79.9%) infants, the first access with
18GIVC was successful. Second attempt with EZ-1O
was successful in the remaining 12 (26.1%) patients. No
patient required a third attempt (Table 1).

The 10 access time with EZ-IO was statistically
shorter compared to 18GIVC (7.9 seconds vs. 16.8
seconds) (p<0.001). Extravasation developed in a total
of 8 (23.5%) cases. All cases with extravasation were in
Group 1. All extravasations developed after the first hour
of 1O treatment. No other complication was observed
except extravasation. Regarding patient outcomes, the
mortality rate was slightly higher in Group 2, with 3
patients (25%) compared to 2 patients (5.9%) in Group 1
without any statistically significant intergroup difference
(p=0.103). Five (10.8%) cases died (4 in the emergency
department and one in the intensive care unit 36 hours
after the interventions) (Table 2).

When both groups were compared in terms of the
first venous blood gas results obtained in the pediatric
emergency department, no statistically significant
differences were observed in parameters such as pH,
pCO,, HCO,, and lactate levels (p>0.05) (Table 3).

At the time of analysis of the study results, while the
total costs of 18GIVC needle, and EZ-10 drill used in the
study to the hospital were approximately 5, and nearly
26 400 Turkish Liras, respectively.

DISCUSSION

In this study, we found that hypodermic needles,
although not routinely recommended, can be used as a
lastresortforlOaccessincriticallyillinfantsinaresource-
limited pediatric emergency department. |10 access was
achieved at the first attempt with a hypodermic needle
in three-quarters of the cases. As expected, getting 10
access with the battery-powered drill is much faster and
more efficient. |O access was quickly achieved with EZ-
IO drills without wasting time in infants whose 10 access
could not be achieved in the first attempt with the

Table 1. Comparison of the patients in Group 1 (patients in whom first attempt with 18GIVC was successful) and Group 2
(patients in whom second attempt using instead EZ-10 drill instead of 18GIVC was successful) in terms of age, gender,
GCS scores and etiologies of hemodynamic disorder

Group 1, n=34, n (%) Group 2, n=12, n (%) p-value
Age: month median (IQR) 5(3-6) 9 (8-11) <0.007
<6 months 28 (82.4) 0 <0.002
Male gender 11 (32.4)) 5(41.7) 0.726?
GCS, n (IQR) 10 (8-11) 11 (4-12) 0.758'
Etiology of hemodynamic disorder
Hypovolemic shock 24 (70) 7 (58.3)
Cardiac arrest 4 (11.8) 2(16.7)
Respiratory failure 4(11.8) 2(16.7) 0.895%
Septic shock 2(5.9) 1(8.3)

: Mann-Whitney U test, % Fisher's exact test, > Chi-square test, EZ-10: Battery-powered drill, 18GIVC: 18-Gauge intravenous cannula, IQR: Interquartile
range, GCS: Glasgow Coma Scale

Table 2. Comparison of the patients in Group 1 (patients in whom first attempt with 18GIVC was successful) and Group 2
(patients in whom second attempt using instead EZ-10 drill 18GIVC was successful) in terms of 10 access time, duration
of 10 route, 10 access-related complication and patient outcome

Group 1, n=34 Group 2, n=12 p-value
IO access time, median second (IQR) 16.8 (12.5-19.9) 7.9 (7.1-8.4) <0.001
Duration of 10 route, median minute (IQR) 150 (120-180) 125 (96-198) 0.754
Complication, n (%)
Extravasation 8 (23.5) 0 0.090?
Exitus, n (%) 2(5.9) 3(25) 0.1032

. Mann-Whitney U test, % Fisher's exact test, EZ-10: Battery-powered drill, 18GIVC: 18-Gauge intravenous cannula, IQR: Interquartile range, GCS:
Glasgow Coma Scale, 10: Intraosseous
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Table 3. Comparison of the patients in Group 1 (patients in whom first attempt with 18GIVC was successful) and Group
2 (patients in whom second attempt using instead EZ-10 drill 18GIVC was successful) in terms of initial venous blood
gas results obtained in the pediatric emergency department

Group 1, n=34 Group 2, n=12 p-value
pH, median (IQR) 7.12 (6.91-7.20) 7.10 (6.98-7.21) 0.784
pCO,, median, mmHg (IQR) 56.1(33.2-79.7) 65.9 (33.4-85.7) 0.762
HCO,, median, mEq/L (IQR) 11.5 (8.4-17.4) 1.5 (7.3-14.4) 0.599
Lactate, median, mmol/L (IQR) 5.7 (4.2-12) 53(2.3-14.1) 0.634

: Mann-Whitney U test, EZ-10: Battery-powered drill, 18GIVC: 18-Gauge intravenous cannula, IQR: Interquartile range

hypodermic needle. Extravasations developed in one-
fourth of infants who had 10 access with a hypodermic
needle; however, this complication did not result in
termination of IO access in any infant. Studies examining
the outcomes of 10 accesses using hypodermic needles
are very rarely encountered in the current literature and
their use for 1O access is not routinely recommended.
However, we think that this research contributes to the
literature in terms of showing that it can be used as a last
resort in infants when resources are limited.

The preferred anatomic location for pediatric 10
access is the proximal tibia. Various tools can be used
to reach the bone marrow from this region. Although
inexpensive and easily accessible hypodermic/butterfly
needles are user friendly, they are not recommended
for routine use as they can be easily clogged with
bone fragments. For this reason, they are not used in
similar studies especially after the 2000s®. In studies
conducted before the 2000s; butterfly needles could be
used successfully for IO access in infants. The authors
stated that since the bone cortex in infants is very thin,
the hypodermic needle easily reaches the bone marrow
without clogging. In addition, the authors stated that the
very few fat cells in the bone marrow of infants increased
the chances of being successful when hypodermic
needles without a stylet are used for 10 access. It
was reported that hypodermic needles could be an
effective and inexpensive option if financial resources
are limited. Based on their experiences, some authors
have stated that hypodermic needles can be used
when available resources are insufficient; and in case of
clogged needles, they suggest practical solutions such
as removing the clogged needle and inserting a second
needle through the needle tract”. |10 access options
were compared in cadavers of stillborn babies. Post-
procedural spectral computed tomography of the cases
was taken to confirm the location of the needle. Studies
have shown that 10 access with a manually inserted
hypodermic needle is much more effective than the use
of EZ-10 device. The very narrow intramedullary cavity
in newborn infants facilitates manual 10 access with a

hypodermic needle in this age group®. Since our study
group consisted of infants, 10 access with hypodermic
needle was successfully achieved in three out of four cases
in experienced hands. In our patient group, the age of the
cases in which hypodermic needles were successfully
inserted was lower than that of the unsuccessful group.
In other words, 10 access with a hypodermic needle was
successful in infants younger than six months of age. This
result suggests that hypodermic needles even without
stylets may be a successful option for |O access in infants
younger than 6 months.

The battery-powered drill has been shown to be
effective in 10 access in over 90% of children®. In
experienced hands, when the standards are followed, the
success rate rises to 100%24¢. However, in some studies,
authors reported that use of manual IO needles had a
higher success rate, especially in patients younger than
three years old“™. When comparing manual needles
and EZ-IO devices, manually inserted 10 needles were
found to be more successful than EZ-IO devices in
infants weighing less than 8 kg. In cases weighing less
than 8 kg, 1O access was achieved in 5 seconds with
manual needle and 13 seconds using EZ-10 drill. In cases
weighing more than 8 kg, IO access was achieved in 9
seconds with a manual needle and in 10 seconds with
EZ-10 device. As can be seen, manual insertion of an
IO needle can be performed faster when compared to
EZ-10 in small infants. In general, it is not desirable
for the 10 access time to exceed 30 seconds™. In our
study, battery-powered drill was successful in all cases.
IO access was achieved in approximately 17 seconds with
hypodermic needles and in approximately 8 seconds
with an EZ-10 drill. When evaluating these results, it is
necessary to consider that the age of the patients who
were treated successfully with the hypodermic needle
was younger than 6 months, and that those who were
treated with EZ-10 drill were infants aged 6-12 months.
More importantly, and as a strength of our study, all 10
interventions were performed by the same experienced
pediatric emergency medicine specialist. Our study
results have shown that, in experienced hands, EZ-10
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drills can be successfully and fastly applied for |O access
in infants between 6-12 months of age.

IO access is generally a safe practice, and the
complication risk is less than 1%. The most common
complication is extravasation. It occurs as a result
of needle displacement. In terms of compartment
syndrome, the extremity where the intervention is made
should be evaluated®'?. In our study, only extravasation
was seen as a complication and all of the extravasations
occurred in the hypodermic needle group. Extravasation
was observed in approximately one out of every four
cases. However, it was not necessary to terminate the
procedure of 10 access in cases with extravasation.
Compartment syndrome did not develop in any of our
patients. There were no complications in those with IO
access performed using EZ-10 drills. These results have
shown once again that 10 access is a safe undertaking
in experienced hands and when standards are followed.

Study Limitations

The main limitation of the study is the inability to
compare the efficacy of other standard IO devices.
However, if we had other 10 access options in the
resource-limited conditions, the hypodermic needle
should not be used. Another limitation of the study is
the limited number of study participants. The strength
of the study is that both hypodermic needles and EZ-
IO device were used by the same experienced pediatric
emergency medicine specialist. Another feature of the
study is that efficacy of IO access was only studied in
infants. Thus, the study was carried out with IO devices
applied by the same experienced user on infants with
similar anatomical features.

CONCLUSION

In experienced hands, EZ-10 drill is a fast, effective,
and reliable device for providing 10 access in critically
ill infants. But, where resources are limited, 1O access
with an 18-gauge hypodermic needle can be attempted,
especially in infants younger than six months. Infants
whose |O access was performed using a hypodermic
needle, should be carefully monitored for postprocedural
complication of extravasation.
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Association of Helicobacter pylori-associated Duodenal Ulcer and
Precancerous Findings with Toll-like Receptor-4 Asp299Gly and Toll-
like Receptor-9 123T/C Polymorphism and Cag-A, Vac-A in Children

Cocuklarda Helicobacter pylori ile liskili Duodenal Ulser ve Prekanseréz Bulgularin
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ABSTRACT

Objective: We aim to show whether endoscopic, histopathological and precancerous findings in childhood
Helicobacter pylori (H. pylori) infection are associated with some changes in the host immune system and some
virulence factors of the bacteria. For this purpose, we interpreted the changes in endoscopic and histopathological
findings of TLR-4 and TLR-9 gene polymorphisms in the innate immune system of the host and cytotoxin
associated gene A (Cag-A) and vacuolating cytotoxin A (Vac-A) positivity, the main virulence factors of the bacteria.

Method: Between April 2009 and October 2010, 100 H. pylori-positive and 100 H. pylori-negative cases were
cross-sectionally selected by retrospectively reviewing the files of patients admitted to a tertiary hospital with
dyspepsia. After obtaining informed consent, blood samples from these patients were analysed for TLR-4 [Asp 299
Gly (rs4986790)] and TLR-9 [1237 TC (rs5743836)] gene polymorphisms and for the presence of Cag-A and Vac-A in
isolates obtained from pathological specimens.

Results: Poor socio-economic conditions were an important risk factor for H. pylori. The presence of Cag-A
increased the likelihood of duodenal ulcer. There was no significant difference between TLR-4 [Asp 299 Gly
(rs4986790)] gene polymorphism and endoscopic and histopathological findings. However, TLR-9 [-1237TC
(rs5743836)] polymorphism increased precancerous intestinal metaplasia and atrophy.

Conclusion: The presence of Cag-A increases the risk of duodenal ulceration due to H. pylori infection. The
TLR-9 [-1237TC (rs5743836)] polymorphism is associated with gastric atrophy and intestinal metaplasia in the
pathogenesis of H. pylori infection. Studies in large groups of patients are needed.

Keywords: H. pylori, toll-like receptors, Vac-A, Cag-A

6z

Amag: Cocukluk ¢agi Helicobacter pylori (H. pylori) enfeksiyonunda endoskopik, histopatolojik ve prekanseréz
bulgularin konak immiin sistemindeki bazi degisiklikler ve bakterinin bazi virlilans faktorleri ile iligkili olup
olmadigini géstermeyi amacladik. Bu amacla, konagin dogustan gelen bagisiklik sistemindeki TLR-4 ve TLR-9

gen polimorfizmleri ve bakterinin baslica virilans faktorleri olan sitotoksin iliskili gen A (Cag-A) ve vakuollestirici
sitotoksin (Vac-A) pozitifliginin endoskopik ve histopatolojik bulgulardaki degisiklikleri yorumladik.

Yéntem: Nisan 2009 ve Ekim 2010 tarihleri arasinda, dispepsi ile Gglincli basamak bir hastaneye basvuran
hastalarin dosyalar retrospektif olarak incelenerek 100 H. pylori-pozitif ve 100 H. pylori-negatif olgu kesitsel
olarak secilmistir. Bilgilendirilmis onam alindiktan sonra, bu hastalardan alinan kan érnekleri TLR-4 [Asp 299 Gly
(rs4986790)] ve TLR-9 [1237 TC (rs5743836)] gen polimorfizmleri ve patolojik érneklerden elde edilen izolatlarda
Cag-A ve Vac-A varlig agisindan analiz edilmistir.

Bulgular: Kot sosyo-ekonomik kosullar H. pylori icin énemli bir risk faktoriydu. Cag-A varligi duodenal ulser
olasiligini artirmistir. TLR-4 [Asp 299 Gly (rs4986790)] gen polimorfizmi ile endoskopik ve histopatolojik bulgular
arasinda anlamli bir fark yoktu. Bununla birlikte, TLR-9 [1237TC (rs5743836)] polimorfizmi prekanserdz intestinal
metaplazi ve atrofiyi artirmistir.

Sonug: Cag-A varligi H. pylori enfeksiyonuna bagli duodenal tlserasyon riskini artirmaktadir. TLR-9 [-1237TC
(rs5743836)]1 polimorfizmi, H. pylori enfeksiyonunun patogenezinde gastrik atrofi ve intestinal metaplazi ile
iliskilidir. Bu konuda genis hasta gruplarini iceren calismalara ihtiyac vardir.

Anahtar Kelimeler: H. pylori, toll-like reseptorler, Vac-A, Cag-A
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INTRODUCTION

Helicobacter pylori (H. pylori), a gram-negative
microaerophilic bacterium classified as a class |
carcinogen by the World Health Organisation, infects
70-80% of the population in some developing countries
and causes peptic ulcer, gastric cancer, or mucosa-
associated lymphoid tissue lymphoma®?. H. pylori
causes severe mucosal inflammation and inhibits acid
secretion of parietal cells, leading to gastric atrophy
and hypochlorhydria®. This clinical outcome has been
attributed to the interaction of several factors, including
H. pylori virulence factors, genetic susceptibility of the
host, local innate and adaptive immune responses, and
environmental conditions™. It has been suggested that
cytotoxin associated gene A (Cag-A) and vacuolating
cytotoxin A (Vac-A) genes, which are among the H.
pylori virulence factors, mainly play a role in epithelial
cell damage and chronic inflammation, which may lead
to an increase in the risk of gastric cancer®®. Vac-A
toxin iniitated the development of vacuoles in the cell
membrane, and the presence of the Cag-A gene is
associated with the development of ulcers, precancerous
and cancerous lesions-,

Toll-like receptors (TLRs), which constitute an
important part of the innate immune system of the
host, recognize structures that are foreign to the body
(such as TLR5 flagella, TLR4 lipopolysaccharide, TLR9
unmethylated CpG oligonucleotides) and activate NF-
kB and mitogen-activated protein kinases that trigger
a common signaling pathway, enabling the immune
system to resist the microorganism by increasing the
secretion of various cytotoxins such as interleukin
(IL)-1, 6, and 8°B) |t has been reported that some
mutations in TLR4 and TLR9, which are receptors that
play an important role in recognizing microorganisms
and activating the immune system, are associated with
inadequate host response to H. pylori infection',
Two single-nucleotide polymorphisms (SNPs) in the
TLR4 gene, i.e.,, D299G and T399I, have been linked to
hyporesponsiveness and reduced cytokine production
in response to endotoxin challenge. The TLR9-1237
TC (rs5743836) variant allele, which has a cytosine to
tyrosine substitution in the proximal promoter region,
has been associated with the development of H. pylori-
induced gastric premalignancy®',

To examine the relationship between H. pylori
infection and the frequency of precancerous lesions in
childhood and whether these lesions are caused by the
weapons of the microorganism such as Vac-A, Cag-A
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or by immunity such as TLR receptor [TLR4 Asp299CGly
(rs4986790) and TLR9 1237 TC (rs5743836)]. We tried
to investigate whether development of these lesions
is related to defects in important components of the
system.

MATERIALS and METHODS

Between April 2008 and October 2010, using simple
random sampling method 200 children were selected
for this cross-sectional retrospective study from patients
who applied to Celal Bayar University Medical Faculty
Pediatric Gastroenterology Clinic and Underwent
Gastric Endoscopies. Patient records were examined
retrospectively and according to histopathological
examination results, 100 H. pylori-positive children
were classified as Group 1; hundred H. pylori-negative
children were included in Group 2 (gastritis group). When
the patients came for their routine polyclinic check-
ups after their treatment was achieved based on their
established diagnoses, written information, and consent
forms were given to their parents to be read, and signed
by them voluntarily if they approved the conduction of
the study. Inclusion criteria in our study were as follows:
presence of gastrointestinal (GI) symptoms (nausea,
heartburn, abdominal pain, vomiting, etc.) consistent
with acute gastritis, age between 5 and 18 years, absence
of symptoms consistent with infectious disease, and
chronic diseases. Exclusion criteria were as follows:
age under 5 years, use of antibiotics, proton pump
inhibitors or H,-receptor blockers within the previous
4 weeks, clinical signs and symptoms consistent with
infectious disease (fever, diarrhoea), incomplete clinical
or laboratory data, parental/guardian refusal to undergo
upper Gl endoscopy and/or to sign the informed consent
form for the participation of their children in the study.

DNA Isolation

DNA was isolated from 2 cc ethylenediaminetetraacetic
acid treated blood samples collected from patients and
controls. Vitek DNA Identification Kit (Germany) was
used for isolation of DNA.

TLR4Asp299Gly (rs4986790)
Genotyping

Polymorphism

The desired region in the obtained DNAs was
amplified by polymerase chain reaction (PCR). Allele-
specific PCR method was used for genotyping. This
method uses a common reverse primer to distinguish
between mutant and normal sequences and allele-
specificoligonucleotides designed to amplify normaland
mutant sequences. PCR was performed using forward-
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C+reverse and forward-G+reverse primer pairs for each
sample. PCR products were evaluated by loading them
onto a 2% agarose gel. Primer sequences obtained from
Thermo Electron Corporation (Rosemount, Minnesota,
USA) were used.

TLR9-1237 TC
Genotyping

(rs5743836) Polymorphism

The desired region was amplified by PCR in the DNA
samples. The following primers used in the PCR products
were evaluated by loading on a 2% agarose gel. Then,
restriction fragment length polymorphism process was
applied to PCR products.

Isolation of H. pylori from Histopathology
Preparations

DNA isolation was performed in 94 of the gastric
biopsy samples obtained using High Pure PCR Template
Preparation Kit (Roche Diagnostics Co., Germany). The
presence of H. pylori and the bacterial virulence markers
Vac-A and Cag-A in the extracts were assessed by real-
time PCR (Roche Light Cycler® 480 II, Germany). The 16S
rRNA of H. pyloriwas isolated. The specific regions of the
Vac-A and Cag-A genes were examined.

All endoscopies of the upper digestive tract were
performed by the same trained and experienced
gastroenterologist. For the histopathological examination,
the Giemsa stain was used to detect H. pylori, and all of
these examinations were also carried out by the same
histopathologist.

Ethical Considerations

All the parents/caregivers signed the informed
consent for the participation of their children in the
study, which was performed in compliance with the
World Medical Association Declaration of Helsinki.
Ethical principles for medical research involving
human subjects. The study was approved by the Ethics
Committee of the Manisa Celal Bayar University (approval
number: 27, date: 17.03.2012).

Statistical Analysis

Data were analyzed using the Statistical Package
for the Social Sciences (SPSS) v.26.0. Categorical
data of pediatric patients were given as numbers and
percentages. Data related to the age variable were
given as mean, standard deviation, median, minimum
and maximum. The suitability of the age variable of
the patients to the normal distribution was decided by
assessing the skewness and kurtosis values, and it was

seen that the data fit to the normal distribution. The
reference value taken in normal distribution varied
between #*1.5. Chi-square test was used to compare
the descriptive characteristics, endoscopic, and
histopathologic findings, presence of TLR4 gene and
TLR9 gene polymorphisms, Cag-A and Vac-A (presence
of S and MI1/M2), findings of H. pylori-positive and-
negative patients. Independent samples t-test was used
to compare the mean age of H. pylori-positive and-
negative patients. Pearson’s correlation test was used to
examine the relationships between H. pylori-positivity,
Cag-A and Vac-A (presence of s and M1/M2), endoscopic
and histopathologic findings in pediatric patients. The
correlation coefficient was evaluated as a a presence of
a low-level correlation between 0.00-0.30, a medium
correlation between 0.30-0.70 and a high correlation
between 0.70-1.00. In the whole study, the levels of
statistical significance were set at p=0.05 and 0.01.

RESULTS

The characteristics of patients in both study groups
are summarised in Table 1. There was no difference
between Groups 1, and 2 patients in terms of age, gender
and symptomatology. Only socioeconomic status of
Group 1 patients were comparativly lower (p=0.044)
(Table 1).

When we compared the endoscopic and
histopathological findings of the patients in Groups 1
and 2, the severity and frequency of gastritis, duodenitis,
duodenal ulcer and antral nodularity were statistically
significantly higher in Group 1. While there was no
significant difference between Groups 1 and 2 in terms
of the presence of TLR4 Asp299Gly and TLR-9 1237 TC
polymorphisms, especially the Homozygous for allele C
(CQ), was more frequently identified in Group 1 patients
(Table 2).

When we compare the positivity rates for Cag-A,
Vac-A-S1/S2 region and Vac-A MI/M2 region in H.
pylori isolates obtained from patients in Group 1 and
the endoscopic and histopathological findings of the
patients; no difference was observed in terms of the
distribution of gastric ulcer, duodenal ulcer, presence of
reflux, antral nodularity, atrophy, lymphoid aggregation,
and intestinal metaplasia (p>0.05) (Table 3).

However, a low level positive correlation was
detected between the presence of Cag-A protein and
duodenal ulcer (p<0.05). These results showed that
as the expression rate of Cag-A protein in patients
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Table 1. Comparison of descriptive characteristics of pediatric patients in terms of the presence of H. pylori
L . . H. pylori-positive (n=100) H. pylori-negative (n=100) p-value
Descriptive characteristics of patients
n % n %

Female 64 64.0 68 68.0 0.654
Gender

Male 36 36.0 32 32.0

5-12 40 40.0 40 40.0 1.000
Age (years)

13-18 60 60.0 60 60.0

Appropriate | 2 2.0 6 6.0 0.044*
Socio-economic status Middle 68 68.0 77 77.0

Low 30 30.0 17 17.0

Urban 61 61.0 52 52.0 0.389
Residence

Rural 39 39.0 48 48

Clean water 28 28.0 30 30.0 0.102
Drinking water

Tap water 72 72.0 70 70.0

Yes 80 80.0 86 86.0 0.347
Abdominal pain

No 20 20.0 14 14.0

Yes 55 55.0 64 64.0 0.249
Heartburn

No 45 45.0 36 36.0
Nausea Yes 61 61.0 54 54.0 0.391

No 39 39.0 46 46.0
Vomiting Yes 32 32.0 30 30.0 0.878

No 68 68.0 70 70.0

Mean % SD, med. (min.-max.) Mean % SD, med. (min.-max.)

Aget 12.88+2.88 13 (5-17) 12.72+3.2413 (5-18) 0.712
*p<0.5, **p<0.01, x% Chi-square test (categorical data), & Independent samples t-test, H. pylori: Helicobacter pylori, min.: Minimum, max: Maximum,
med.: Median, SD: Standard deviation

increases, the frequency of duodenal ulcer will also
increase (Table 4).

Since in the H. pylori-positive group, only 6 patients
were heterozygous carriers of the TLR4 Asp299Gly
(rs4986790) polymorphism, statistical evaluation could
not be made. However, in the AG genotype in the H.
pylori-positive group (n=6), duodenitis (n=2; 33.3%),
duodenal ulcer (n=1; 16.6%), antral nodularity (n=1;
16.6%), moderate glandular atrophy (n=2; 33.3%) and
intestinal metaplasia (n=1; 16.6%) were observed in
respective number of patients.

Endoscopic parameters did not differ in the presence
of TLR9 gene 123T/C (rs5743836) polymorphisms in
Group 1 (p>0.05). However, in Group 1, the distribution
of glandular atrophy, and intestinal metaplasia
differed according to the presence or absence of TLR9
gene polymorphisms (p<0.05). The patients with CC
polymorphism had higher rates of glandular atrophy and
intestinal metaplasia than patients with homozygous for
allele T (TT) and TC polymorphisms (Table 5).

184

The effect of TLRY gene polymorphisms on the
presence of intestinal metaplasia was found to be
significant chi-square: 26.98, p=0.000, p<0.01. While
the presence of the TC allele did not make a significant
difference. It was determined that rates of intestinal
metaplasia increased significantly in the presence of the
CCallele (p<0.05).

The probability of intestinal metaplasia in the
presence of CC gene polymorphism increased by 46.2-
fold when compared with TT gene polymorphisms
(Table 6).

Similarly, the effect of TLR9gene polymorphisms onthe
presence of glandular atrophy was found to be significant
Ki-square=25.29, p=0.000, p<0.01. While the presence
of the TC allele did not make a significant difference,
the presence of the CC allele significantly increased the
rates of glandular atrophy (p<0.05). Considering the odds
ratios; the probability of atrophy in the presence of CC
gene polymorphism was 17.8 times higher than in the
presence of TT gene polymorphism (Table 6).
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Table 2. Comparison of endoscopic and histopathological findings in terms of the presence of H. pyloriin pediatric patients
H. pylori-positivity (n=100) | H. pylori-negativity (n=100)
Endoscopic and histopathological findings Py P y 24 & y
n % n % p-value
. . Normal-mild 33 33.0 59 59.0 <0.001**
Severity of gastritis
Moderate-severe 67 67.0 4] 41.0
o Antrum-corpus 64 64.0 79 79.0 0.028*
Localization
Antrum 36 36.0 21 21.0
Normal 0 0.0 3 3.0 0.432
Gastritis type Erythematous-erosive 98 98.0 96 96.0
Atrophic 2 2.0 1 1.0
. No 51 51.0 73 73.0 0.002**
Duodenitis
Yes 49 49.0 27 27.0
No 93 93.0 93 93.0 1.000
Gastric ulcer
Yes 7 7.0 7 7.0
No 84 84.0 95 95.0 0.021*
Duodenal ulcer
Yes 16 16.0 5 5.0
No 89 89.0 91 91.0 0.814
Esophagitis
Yes 1 1.0 9 9.0
No 13 13.0 40 40.0 <0.001**
Mild 16 16.0 31 31.0
Antral nodularity
Moderate 40 40.0 19 19.0
Severe 31 31.0 10 10.0
No 0 0.0 58 58.0 <0.001**
Mild 24 24.0 39 39.0
Chronic inflammation
Moderate 66 66.0 3 3.0
Severe 10 10.0 0 0.0
No 19 19.0 97 97.0 <0.001**
Activity Mild 29 29.0 3 3.0
Moderate 52 52.0 0 0.0
No 83 83.0 99 99.0 <0.001**
Glandular atrophy Mild 6 6.0 1 1.0
Moderate 11 11.0 0 0.0
. . No-mild 46 46.0 98 98.0 <0.001**
Lymphoid aggregation
Moderate-severe 54 54.0 2 2.0
No 86 86.0 100 100.0 <0.001**
Intestinal metaplasia
Yes 14 14.0 0 0.0
No 0 0.0 99 99.0 <0.001**
Mild 19 19.0 0 0.0
H. pylori density
Moderate 70 70.0 1 1.0
Severe 1 1.0 0 0.0
TLR4 Asp299Gly AA 94 94.0 94 94.0 1.000
(rs4986790)
Polymorphism AG 6 6.0 6 6.0
TT 43 43.0 34 34.0 0.005**
TLR9 123T/F: (rs5743836) TC 36 36.0 57 570
Polymorphism
CcC 21 21.0 9 9.0
*p<0.05, **p<0.01, y* Chi-square test, H. pylori: Helicobacter pylori, TLR: Toll-like receptor, AA: Homozygous for allele A, AG: Heterozygous, TT:
Homozygous for allele T, CC: Homozygous for allele C
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DISCUSSION

Since H. pylori infection
is usually acquired during
childhood, it can cause chronic
inflammation in the gastric
mucosa and  subsequently
increase the risk of stomach
cancer™ Nearly 50% of the world
population is infected with
this microorganism, and low
socioeconomic status has been
found to be one of the main
predisposing factors associated
with an increased risk of H.
pyloriinfection®29) In our study,
low socioeconomic level was
also a risk factor for contracting
H. pylori infection (p=0.044).
However, we did not find any
association between H. pylori
infection, living in urban/rural
areas and choice of drinking
water which suggests that living
in rural areas is not associated
with H. pyloriinfection.

In the pediatric age group,
H. pylori gastritis is generally
asymptomatic™. In our study,
no statistical difference was
found between the two groups
in terms of the patients initial
complaints (abdominal pain,
retrosternal burning sensation
and vomiting) (p>0.005).

As is known, H. pylori
infection is associated with
antral nodularity, erythematous
and erosive gastritis, duodenal
inflammation and ulcer in
children, and can also be seen in
the presence of mild gastritis or
normal endoscopic findings?'?2.
Antral nodularity, which is the
most important indicator of
H. pylori infection in children
has been reported at a rates of
69-91% in different countries,
and the presence of antral
nodularity has a sensitivity of



Cebe Tok et al. Helicobacter pylori, Toll-like Receptors, Vac-A, Cag-A, Children Yalgin et al. Use of Intraosseous Access

Table 4. Correlations between Cag-A and Vac-A S and M1/M2 region positivity, and endoscopic and histopathological
findings in the H. pylori-positive Group
Variable Coefficient | Cag-A protein positivity Vac?A: S regton Vac_-A M'I/t_vi.2 .
positivity region positivity

r 1 0.018 0.15
Cag-A protein

p 0.86 0.148

r 0.018 1 -0.082
Vac-A S region positivity

p 0.86 0.431

) o r 0.15 -0.082 1

Vac-A M1/M2 region positivity

p 0.148 0.431

r 0.105 0.001 0.104
Severity of gastritis

p 0.315 0.99 0.32

r 0.184 0.137 -0.071
Localisation

p 0.0.075 0.189 0.494

r 0.094 0.027 0.067
Gastritis type

p 0.37 0.798 0.523

r 0.071 -0.061 -0.057
Duodenitis

p 0.499 0.562 0.588

r 0.091 0.052 0.021
Gastric ulcer

p 0.386 0.622 0.843

r 0.212* -0.086 -0.112
Duodenal ulcer

p 0.04 0.409 0.283

r 0.109 0.055 -0.166
Presence of reflux

p 0.294 0.596 0.109

r 0.057 0.104 -0.072
Antral nodularity

p 0.587 0.32 0.493

r 0.202 -0.145 -0.044
Chronic inflammation

p 0.05 0.162 0.674

r 0.148 -0.001 -0.099
Activity

p 0.154 0.994 0.342

r 0.089 0.084 0.072
Atrophy

p 0.395 0.423 0.488
! - - r -0.003 -0.041 -0.122

mphoid aggregation
AL L b 0.977 0.692 0.24

r 0.067 0.076 0.03
Intestinal metaplasia

p 0.518 0.467 0.771

r 0.042 0.025 0.216*
H. pylori density

p 0.686 0.814 0.037
*p<0.05, **p<0.01, r: Correlation coefficient, H. pylori: Helicobacter pylori, Vac-A: Vacuolating cytotoxin A, Cag-A: Cytotoxin associated gene A

91.6% and a specificity of 91% for H.pylori infection®*-29),
In our study, we think that antral nodularity, with a rate
of 87% in Group 1 and 60% in Group 2 detected during
endoscopies performed by the same endoscopist, is an
important indicator of H. pylori-positivity in children
(p<0.001).

Studies have revealed that duodenal ulcers develop
in 20% of people infected with H. pylori and can be
asymptomatic even in children under 10 years of age.
Incidence of peptic ulcer disease in children vary
between 1.8% and 19.5%12%. According to our results, the
incidence rates of duodenal ulcer were 16% in the H.
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Table 5. Comparison of endoscopic and histopathological findings according to TLR9 gene 123T/C (rs5743836)
polymorphisms in the H. pylori-positive group
. . o TT (n=43) TC (n=36) CC(n=21)
Endoscopic and histopathological findings
n % n % n % p-value

Normal-mild 12 27.9 12 333 9 42.9 0.495
Severity of gastritis

Moderate-severe 31 721 24 66.7 12 57.1

Antrum-corpus 25 58.1 24 66.7 15 7.4 0.527
Localization

Antrum 18 41.9 12 333 6 28.6

Normal 4] 95.3 36 100.00 21 100.0 0.352
Gastritis type

Erythematous-erosive 2 4.7 0 0.0 0 0.0

No 24 55.8 13 36.1 14 66.7 0.059
Duodenitis

Yes 19 44.2 23 63.9 7 333

No 4] 953 33 91.7 19 90.5 0.680
Gastric ulcer

Yes 2 4.7 3 83 2 9.5

No 35 81.4 29 80.6 20 95.2 0.285
Duodenal ulcer

Yes 8 18.6 7 19.4 1 4.8

No 36 83.7 35 97.2 18 85.7 0.160
Esophagitis

Yes 16.3 1 2.8 3 143

No 4.7 7 19.4 4 19.0 0.391

Mild 18.6 4 11 4 19.0
Antral nodularity

Moderate 17 395 16 Lb 4 7 333

Severe 16 37.2 9 25.0 6 28.6

Mild 1 25.6 9 25.0 4 19.0 0.493
Chronic inflammation Modarate 29 67.4 21 58.3 16 76.2

Severe 7.0 6 16.7 1 4.8

No 6 14.0 8 22.2 5 23.8 0.500
Activity Mild 1 25.6 13 36.1 5 23.8

Moderate 26 60.5 15 41.7 1 52.4

No 40 93.0 34 944 9 42.9 p<0.001**
Glandular atrophy Mild 0 0.0 1 2.8 5 23.8

Moderate 3 7.0 1 2.8 7 333
Lymphoid aggregation No-mild 2] 4880 |19 52.80 6 28.60 0.199

Moderate-severe 22 51.20 17 47.20 15 71.40

No 42 9770 |34 94.40 10 47.60 p<0.001**
Intestinal metaplasia

Yes 1 2.30 2 5.60 1 52.40

Mild 7 16.30 6 16.70 6 28.60 0.413
H. pylori density Moderate 32 74.40 | 27 75.00 1 52.40

Severe 4 9.30 3 830 4 19.00
*p<0.05, **p<0.01, y% Chi-square test, H. pylori: Helicobacter pylori, TLR: Toll-like receptor, TT: Homozygous for allele T, CC: Homozygous for allele C

pylori-positive and 5% in the H. pylori-negative group
(p=0.021). Duodenal hyperemia and nodularity were
observed in 49% of our patients (p = 0.002). In a study,
H. pylori infection was reported in 92% of children with
duodenal ulcer and 25% of children with peptic ulcer®.
In our study, H. pylori was positive in 76.1% of children
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with duodenal ulcer and 50% of those with stomach
ulcer. It is also known that the density of H. pylori in the
antrum in children with H. pyloriinfection is significantly
lower than in adults, and this is one of the reasons why
gastric ulcers are less common than duodenal ulcers in
children?”,
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Table 6. Correlations between TLR9 gene 123T/C (rs5743836) polymorphisms, glandular atrophy and intestinal
metaplasia in H. pylori-positive group
Cls 95%
Model Estimated variable B S.E. p-value E:t‘:éB)/ odds Cl for Exp(B)
Lower Upper
TLR9 gene 0.000
Intestinal metaplasia
TLR9 (TC) 0.90 1.25 0.468 2.47 0.22 28.42
TLRY (CQ) 3.83 1.10 0.001 46.20 533 400.67
Constant -3.74 1.01 0.000 0.02
Glandular atrophy TLR9Y gene 0.000
TLR9 (TC) -0.24 | 0.94 0.797 0.78 0.12 4.97
TLRY (CQ) 2.88 0.74 0.000 17.78 414 7634
Constant -2.59 10.60 0.000 0.08
Dependent variable: Intestinal metaplasia and atrophy, Exp(B): Odds ratio, Cl: Confidence interval, S.E.: Standard error, TLR: Toll-like receptor,
AA: Homozygous for allele A, AG: Heterozygous, CC: Homozygous for allele C

H. pylori infection is the most common cause
of chronic superficial gastritis. Atrophic gastritis,
intestinal metaplasia and dysplasia, and finally gastric
adenocarcinoma may develop after chronic gastritis
in cases with H. pylori infection. These disease stages
evolve very slowly and can stop at any stage®6?.
Gastric inflammation in children may not demonstrate
obvious pathological changes as in adults, or the
transition between stages may be very slow. Therefore,
different publications report different rates of chronic
inflammation, atrophy or intestinal metaplasia in cases
with H. pyloriinfection. While moderate to severe chronic
inflammation was reported in 65.8-68.2% of these cases,
we found its incidence as 76% in our study?829,

Although gastric atrophy, also defined as glandular
tissue loss, is not as common in children as in adults, it
can develop secondary to H. pylori infection. Chronic
gastritis in adults is often accompanied by intestinal
metaplasia, and its incidence increases with the duration
of the disease. In studies conducted in different countries,
various incidence rates have been reported for gastric
atrophy (Tunisia: 9.3%; USA: 52.6%; Japan: 51.7%, and
Taiwan: 30.4) and intestinal metaplasia (USA: 15.7%; and
Japan: 4.6%)5%3.|n studies conducted in Turkey, the rates
of gastric atrophy and intestinal metaplasia were reported
as 2.2% and 1.1% by Usta et al.®* and 2.5% and 0% by Tutar
et al.®®. In summary, based on our results, consistent
with the literature data, in H. pylori-positive cases gastric
atrophy, and intestinal metaplasia were detected in 17%
and 14% of the cases, respectively. Gastric atrophy in
children is often found in the antrum or antrum corpus
region®®¢3”). For this reason, when performing endoscopic

biopsies, care was taken to take two biopsy specimens
from the antral region in all patients.

The prevalence rates of Cag-A positivity in isolated
H. pylori strains, and their relationship with Gl diseases
varied widely in different parts of the world®®, While the
Cag-A positivity rates in Europe and the USA generally
vary between 60-70%, almost all H. pylori strains in East
Asian countries are Cag-A (+)©%49 |n studies conducted
in Asian countries, different prevalence rates of Cag-Ain
isolated H. pylori strains have been reported (India: 96%;
China: 86%; Bangladesh: 95%, and Iran:77%)“-44. Ghasemi
etal.*” found a Cag-A positivity rate of 85% in their study
performed in Iran and reported that presence of Cag-A
positivity was associated with peptic ulcer. Podzorski et
al.*¢ found that 66% of 61 strains isolated in their study
performed in the USA were Cag-A(+). Similarly, Gatti et
al.*” reported that 73.4% of 95 H. pylori strains isolated
in their study carried out in Brazil were Cag-A (+). The
prevalence of Cag-A in Europe shows a profile similar
to that reported for the USA. Cag-A positivity rates were
reported as 66%, and 68% in studies carried out in Spain
and in England, respectively®“®%, In this study, 67 (71.2%)
of 94 H. pylori strains demonstrated Cag-A (+). There was
a low positive correlation between Cag-A positivity rates
and the presence of duodenal ulcer (p=0.04). These
results have shown that the rates of duodenal ulcers
would increase in parallel with an increse in the levels
of Cag-A protein. In various studies conducted in Turkey,
Cag-A positivity and prevalence have been reported to
vary between 65, and 80%, and it has been suggested
that the presence of Cag-A is associated with peptic
ulcer and duodenal ulcer®®5", There are publications in
the literature showing that prepyloric duct ulcers are
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more prominent in many single-center pediatric patient
groups, especially in cases of duodenal ulcer and severe
antral gastritis, and in cases infected with Cag-A positive
bacteria>50-52),

Although all H. pylori strains have the Vac-A gene,
only 50% of them produce active Vac-A toxin®3. The
Vac-A gene contains a signal (s) and a middle (m) region,
which show significant sequence diversities among
strains. It has been reported that S1/M1 genotypes show
greater cytotoxic activity in vitroand are more frequently
associated with peptic ulcer disease®™. There are also
differences in Vac-A genotypes between countries or
regions. In a study conducted on 119 children in Portugal,
it was stated that only Vac-A S2 caused less severe
inflammation in clinical and histopathological terms®*.
None of the Vac-A genotypes extracted from H. pylori
strains obtained from 33 Korean children were associated
with neutrophil activity or chronic inflammation®. In
a study conducted in Slovakia, a statistically significant
relationship was detected between high bacterial
infiltration and chronic inflammation in Vac-A S1-positive
samples, but no relationship could be established
with precancerous lesions such as antral atrophy and
intestinal metaplasia®. One limitation of this study
is that we were not able to examine both the s- and
m-domain subclasses of Vac-A. However, a low positive
correlation was found between the presence of Vac-A Ml
in the H. pylori-positive group (p<0.05). It was observed
that the density of H. pylori in the tissue would increase
with the presence of the Vac-A M1/M2 region.

H. pylori infection increases the expressions of TLR
2, 4,5, and 9 in the gastric mucosa and the number
of epithelial cells expressing IL-8, IL-10, and tumor
necrosis factor-alpha®”. Twelve different mutations in
TLR4 have been described in the literature. It has been
demonstrated that TLR4 Asp299Gly polymorphism
disrupts the normal structure of the extracellular
domain of TLR4 with the potential of reducing
susceptibility to H. pylori by weakening the binding
affinity of bacterial ligands to the TLR4 receptor A>G. H.
pylori passes through the extracellular space and causes
an exaggerated inflammatory response with serious
tissue damage®®¢9, As a result, H. pylori colonization
accelerates the development of severe inflammation,
hypochlorhydria and gastric atrophy®®. It is stated that
the presence of G allele is the responsible risk factor in
this process of mutation'®. However, conflicting results
have been reported by researchers in clinical studies.
Studies conducted on adult patients do not associate
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TLR4 Asp299CGly polymorphism with gastritis, duodenal
ulcer and stomach cancer®-%9. Some studies suggest
that TLR4 Asp299Gly carriage significantly affects the
occurrence of chronic gastritis and peptic ulcer disease,
causing atrophy and intestinal metaplasia'®¢-¢%. According
to our results, only 6 patients in the H-pylori-positive
group were heterozygous carriers of the TLR4Asp299Gly
(rs4986790) polymorphism and no relationship was
found between this mutation and H. pylori-positivity.
Therefore, statistical evaluation could not be made.
Similarly, in a study conducted in pediatric cases, it was
found that TLR4 Asp299Gly polymorphism was not
associated with H. pylori-positivity7°.

Expression of TLR9, an endosomal sensor of
unmethylated CpG-rich DNA motifs, increases when
the gastric epithelium is infected with H. pylori, leading
to stimulation of T helper 1 monocytes and increased
activation of macrophages”'®. In an in vitro mouse
experiment, TLR 9 expression was found to be 4 times
higher in tissues infected with H. pylori”®. TLR91237
TC (rs5743836) polymorphism further worsens this
inflammation and predisposes the patient to neoplastic
complications with chronic infection in the presence
of the C allele”. The TLR9-1237 TC (rs5743836) SNP
is located in the promoter region. An in silico study
found that the C variant allele creates an alternative
NF-kB binding site, which may be functionally relevant.
Presumably this process increases transcriptional
activation by TLR9 and potentially exacerbates the
inflammatory reaction by affecting CpG DNA activation
of pro-inflammatory cytokines!”. In addition, functional
studies have shown that individuals carrying the C
variant allele have significantly higher luciferase activity,
by demonstrating modulation of TLR9 transcriptional
activity by rs57438367.,

The TLR9 1237, TC+CC or CC genotype has been
associated with a higher risk of gastric cancer than
the C genotype [recessive odds ratio (OR) =5.01, 95%
confidence interval (Cl): 2.52 to 9.94, p<0.000I] in
chronic gastritis (recessive OR =4.63; 95% Cl: 2.44 to
8.79, p<0.0001) groups. Another study conducted in
an Asian population found no link between H. pylori
infection and the risk of developing gastric cancer””. A
study performed in a Mexican population found that the
1237C allele of TLRY was more commonly detected in
patients with metaplasia (19.35%) than in patients with
gastritis (15.63%), cancer (15.93%), or duodenal ulcer
(12.82%). However, the differences in incidence rates
were not statistically significant”®.
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CONCLUSION

Based on litearture data the TLR9 1237T/C
polymorphism has not been reported in the pediatric
age group. According to our results, patients with CC
polymorphism had moderate/severe glandular atrophy
(57.1%) and intestinal metaplasia (52.4%). The higher rates
of glandular atrophy and intestinal metaplasia in patients
with the CC polymorphism compared to patients with
the TT and TC polymorphisms suggest that the likelihood
of cancer in patients carrying this allele increases,
especially in developing countries where exposure to H.
pylori is higher starting from a young age. We attributed
the high incidence of intestinal metaplasia and glandular
atrophy in children carrying the CC polymorphism to the
fact that this study was conducted in only one province
of Turkey with a small group of cases. Large case scans
and even the identification of the rs5743836 TLRY minor
C allele in different ethnic populations may provide a
better identification of the individuals who are more
susceptible to critically serious complications of chronic
H. pylori infection and therefore may require strict
endoscopic surveillance more frequently.
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A Case with Autism Spectrum Disorder and Concomitant Arginase
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ABSTRACT

Received: 17.09.2024

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by lack of social interaction,
limited areas of interest, and repetitive behaviors. Comprehensive screening studies have shown that the prevalence
of ASD is increasing. Arginase deficiency is an autosomal recessive metabolic disorder that affects the last step of
the urea cycle. In this report, clinical features, neurological findings and genetic analysis results of an 11-year-old
boy diagnosed with ASD have been discussed. Additionally, accompanying late diagnosed arginase deficiency
has been also highlighted. In addition to the coexistence of ASD and metabolic diseases, the importance of early
diagnosis and treatment in such cases has been emphasized.

Keywords: Arginase deficiency disorder, autism spectrum disorder, inborn errors of metabolism,
neurodevelopmental disorders

oz

Otizm spektrum bozuklugu (OSB), sosyal etkilesim eksikligi, sinirli ilgi alanlari ve tekrarlayan davranislarla
karakterize edilen bir nérogelisimsel bozukluktur. Kapsamli tarama galismalari, OSB'nin prevalansinin arttigini
gostermektedir. Arginaz eksikligi, Gre donguistiniin son basamagini etkileyen otozomal resesif gegisli bir metabolik
hastaliktir. Bu makalede OSB tanisi alan 11 yasindaki bir erkek cocugun klinik 6zellikleri, nérolojik bulgulari ve

genetik analiz sonuglar tartisilmistir. Ayrica, ge¢ tani konulan arginaz eksikligine de vurgu yapilmistir. Otizm ile
metabolik hastaliklarin birlikte gériilmesinin yani sira, bu tiir olgularda erken tani ve tedavinin dnemivurgulanmistir.

Anahtar kelimeler: Arginaz eksikligi hastaligi, otizm spektrum bozuklugu, dogustan metabolizma hatalari,
norogelisimsel bozukluklar
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INTRODUCTION

Autism  spectrum  disorder (ASD) is a
neurodevelopmental disorder characterized by deficits
in social communication and interaction, along with
restricted interests and repetitive behaviors". ASD
may coexist with inborn errors of metabolism (IEM).
Increased awareness of both autism and hereditary
metabolic diseases has heightened interest in their
comorbidities. While the exact prevalence of autism
in individuals with hereditary metabolic disorders is
not precisely known, it is estimated to be around 2% in
individuals with autism®?. Among these, conditions such
as phenylketonuria, histidinemia, creatine deficiency
syndromes, adenylosuccinate lyase deficiency, disorders
of purine metabolism, mitochondrial diseases, and

urea cycle disorders have been identified. The co-
occurrence of autism and hereditary metabolic diseases
is often associated with dysmorphic features, ataxia,
microcephaly, epilepsy, and intellectual disability (ID)®.

Arginase 1 deficiency (ARGI-D) is a metabolic disorder
caused by a defect in the ARGI enzyme in the final step
of the urea cycle, and it is inherited in an autosomal
recessive pattern. It is the least common urea cycle
disorder, and severe hyperammonemia is not expected.
The birth prevalence of arginase deficiency in the United
States is recently estimated to be 1.1 cases per live birth®.
ARGI-D, primarily in early childhood, can cause spasticity,
seizures, developmental delay, recurrent vomiting,
nausea, and ID, with elevated arginine responsible for
neurotoxicity'®.
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In this case report, based on the literature data,
we aim to highlight the co-occurrence of ASD with a
neurometabolic disorder of arginase deficiency.

CASE REPORT

An Tll-year-old male patient walking on tiptoes
presented to the child psychiatry clinic with difficulties
in establishing relationships with his peers, inability to
form long sentences, and to eat solid foods.

Medical History

It was revealed that the patient was delivered
without complications by caesarean section at full-
term, with a birth weight of 4000 grams. Seventeen days
after birth he was admitted to the pediatric ward for
bronchopneumonia and received respiratory support in
the intensive care unit for five days, followed by an 18-
day observation in the pediatric ward.

Regarding dietary history, the patient experienced
difficulties in swallowing solid foods. When he was
given complementary foods, he started to vomit after
consuming solid foods. At the age of two, the patient
experienced febrile convulsions, and at the age of eight,
he had atonic seizures, and received the diagnosis of
epilepsy for which he was receiving daily doses of 26
mg/kg levetiracetam.

Developmental Stages

Until the age of two, the patient was breastfed,
achieved head control at two months, sat unsupported
at eight months, walked, and started speaking single
words when he was two years old. It was noted that the
patient began walking on tiptoes before the age of two.

Family History

His high school graduate 43-year-old mother was
a physically and mentally healthy hosewife. His high
school graduate 44-year-old physically and mentally
healthy father was engaged in real estate transactions
to support the family. The patient who was the second
child of the family had a healthy 16-year-old sister. There
was no consanguinity between the parents. However
there was motor and mental developmental delay in the
father's cousins.

Physical Findings

The patient weighed 21 kg [-3.3 standard deviation
score (SDS)], with a height of 138 cm (-0.9 SDS), beak
nose, retrognathia, slender-long trunk, and restricted
dorsiflexion of both feet. Neurologically, there was
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hyperlaxity in the upper extremities, spastic diplegia,
with deep tendon reflexes being normoactive in the
upper and hyperactive in the lower extremities. Muscle
strength was evaluated as 5/5 in the upper extremities.
The patient demonstrated a cross-stepping gait.

Psychiatric Examination

The patient’s overall appearance indicated that he
was younger than his actual age, and his self-care was
age-appropriate. He was conscious, but there was a
noticeable lag in perception and judgment compared
to his peers. Reduced eye contact, not responding when
called, using single words when talking, the presence of
stereotypical behaviors such as wing-flapping tremors,
echolalia, and engaging in repetitive play were observed.
The Schedule for Affective Disorders and Schizophrenia
for School-Age Children Present and Lifetime Version-
Turkish Adaptation were administered to the patient. The
Autism Behavior Checklist, filled out by parents, yielded
a score of 52. Following the psychiatric examination,
family interviews, and psychometric measurements, the
diagnosis of ASD was made based on the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5)
diagnostic criteria®.

Due to dysmorphic findings observed during the
physical and neurological examination, the patient was
referred to the pediatric health clinic.

Laboratory Tests

Laboratory investigations revealed elevated levels
of aspartate aminotransferase (60 U/L), alanine
aminotransferase (109 U/L, and ammonia (158 pmol/L). In
consideration of these results, the patient was evaluated
by a physician specialized in pediatric metabolism
disorders. The metabolic laboratory examination
revealed significantly high levels of plasma arginine (794
ummol/L; normal range: 45-125 pmmol/L), and arginine
level in a dried blood spot measured by tandem mass
spectrometry was 338 ummol/L (normal range: 10-130
pmmol/L).

Molecular Analysis

The Sophia Clinical Exome Panel, consisting of 4490
genes, was applied to the patient. The data obtained
were analyzed using the Sophia-DDM-v4 program. A
homozygous missense mutation c.703G>A (p.Cly235Arg)
was identified in the ARGI gene (NM_000045.3).
This identified alteration was a pathogenic mutation
previously reported in the literature”. Individuals
carrying the G235A alteration have been shown to



lack arginase activity”. Targeted mutation analysis was
performed on the parents of the patient, revealing
that both parents carried the c703G>A (p.Gly235Arg)
mutation in a heterozygous state.

In addition, chromosomal microarray analysis was
performed using Illumina Infinium Asian Screening
Array-24 v1.0 kit. Data was analyzed with NxClinical
program. The result was evaluated as normal.

Considering the patient's medical history,
examination, and laboratory findings, arginase
deficiency was suspected. The diagnosis was confirmed
through molecular analysis. As a treatment, the patient’s
protein intake was restricted, and sodium benzoate
therapy was initiated. According to DSM-5 diagnostic
criteria, the patient was diagnosed with ASD developed
on the basis of arginase deficiency, with a severity level
of 3. In the initial evaluation, the Childhood Autism
Rating Scale (CARS) score was 39, indicating severe
autism. The patient was referred to a special education
and rehabilitation program. After 6 months of special
education and rehabilitation, and treatment for arginase
deficiency, the case was re-evaluated. According to
DSM-5, he received the diagnosis of ASD developed on
the basis of arginase deficiency with a severity level of
2, and CARS score of 32.5, indicating mild to moderate
autism. Written informed consent was obtained from
the patient’s parents for the publication of this case.

DISCUSSION

Arginase deficiency is a neurometabolic disorder
inherited in an autosomal recessive pattern, manifesting
as progressive spastic diplegia. The estimated prevalence
is approximately 1 in 363,000 to 2,000,000 live births.
Arginase deficiency rarely presents in the neonatal
period, and most patients are typically identified as
normal in early stages of their lives. The significant
feature that distinguishes arginase deficiency from
other urea cycle disorders is that it does not present
with hyperammonemia, especially in the newborns and
infants®®). Initial symptoms usually manifest between 2
and 4 years of age and include stumbling, falling, and
delays in growth and development. If not diagnosed,
and treated at an early stage, patients may experience
progressive spastic diplegia, leading to a gradual loss
of developmental milestones. The most prominent
symptoms include spastic paraparesis or paraplegia with
less impact on the upper extremities, increased deep
tendon reflexes, walking on tiptoes, behavioral problems,
ID, and seizures. Some patients also exhibit symptoms
such as nausea, loss of appetite, and vomiting attacks.

Eren et al. Autism and Arginase Deficiency

Although elevated plasma arginine levels are the most
critical diagnostic criterion, elevated liver function test
results, decreased blood urea nitrogen, increased plasma
citrulline levels, and orotic acid excretion in urine are
supportive diagnostic findings. It should be noted that
while hyperammonemia is not expected in newborns
and infants, it may be observed in the late-childhood
stage, particularly during catabolic processes®®®.
Treatment typically involves a diet restricted in protein,
supplementation of essential amino acids, and the use
of other alternative treatment modalities using sodium
benzoate and sodium phenylbutyrate, to remove
nitrogen waste. The benefits of treatment have been
demonstrated in overcoming behavioral problems and
reducing seizures®.

Various studies have previously investigated
the prevalence of neurodevelopmental disorders
in individuals with [EM. The best-known inborn
metabolic disorders include phenylketonuria, classical
homocystinuria, Sanfilippo disease, urea cycle disorders,
creatine deficiency syndromes, and purine metabolic
pathway disorders13,

In a study conducted by Spilioti et al.”? in Crete,
IEM were identified in 5 out of 187 patients with ASD.
A study from Turkey, evaluating 237 patients with ASD,
detected 6 cases with IEM™. In another study conducted
in our country, 22 patients with both ASD and IEM were
examined in a tertiary care hospital, and none of them
were found to have arginase deficiency'®. In this case
report we present the rare coexistence of ASD, with
arginase deficiency which was not detected even in
large-scale studies.

In the study by Kiykim et al."™® metabolic diseases
were detected in 9 out of 300 patients with ASD, and
argininemia was identified in only one case. Although
arginase deficiency was not found in this patient,
the potential role of elevated arginine in autism was
emphasized. In a case from Bahrain, a 14-year-old patient
with a diagnosis of ASD was found to have arginase
deficiency, and it was reported that there was no
significant improvement in ASD scores after treatment/.
In our patient, a decrease in the severity scores of ASD
was observed after treatment. This improvement in
indicators of ASD severity over a short period, such as
six months, suggests that the likelihood of benefiting
from treatment increases, especially when the diagnosis
is made at an early stage of the disease.

BinSawad etal."™ systematically reviewed case reports
of 157 patients diagnosed with arginase deficiency. Motor
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impairments, ID, and seizures, including spasticity, were
reported in more than half of the cases examined. Our
case also exhibited all of these manifestations. The
average age at diagnosis was determined to be 6.4
years, and our case could be considered a late diagnosis
compared to this age criterion. Clinical improvement
after treatment was reported in only 26% of patients.
In our patient, clinical improvement was observed after
only 6 months of treatment.

Schiff et al."? identified only 2 patients with suspected
metabolic disorders among 274 non-syndromic ASD
patients. They emphasized the importance of metabolic
screening in individuals with dismorphic features and
additional neurological symptoms rather than in patients
with non-syndromic ID. In our case, spastic diplegia was a
prominent non-ASD physical examination finding which
underscores the significance of a thorough systemic
examination in individuals with ASD.

In cases diagnosed with ASD, especially when there
are dysmorphic features and accompanying neurological
signs, it is crucial to refer individuals for metabolic
screening to the departments of pediatrics and pediatric
metabolism. Early diagnosis, coupled with medical
intervention, leads to life-saving outcomes serves as a
cornerstone in preventing autism and ID, and enhances
the effectiveness of special education, contributing
positively to the quality of life of the patients.
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